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McGraw-Hill Announces 


new books 


Inorganic Chemical Technology 
By W. L. BADGER 
Professor of Chemical Engineering, University of Michigan 
and E. M. BAKER 
Assistant Professor of Chemical Engineering, University of Michigan 
Chemical Engineering Series 


A COMPLETE discussion of modern quantity production of representative 


products in which the chemical nature of the raw materials is changed. 
Only inorganie products are covered. 
227 pages, 6x9, 54 illustrations 


$2.50 


An Introduction to Qualitative Chemical 
Analysis and the Related Principles 
By D. P. SMITH 


Associate Professor of Chemistry, Princeton University 
and H. K. MILLER, 
Instructor of Physiological Chemistry, School of Medicine, 
University of Pennsylvania 
International Chemical Series 
THOROUGH discussion of underlying principles and theories. 1 
also contains alternative outlines for courses of laboratory inst 
and a manual of qualitative analytical methods. Emphasis is placed u; 


application of organic reagents as a means of detecting inorganic constit 
275 pages, 6x9, illustrated 
$2.25 


Elements of Geophysics—As applied to 
<xploration for Minerals, Oil and Gas 
By Dr. RICHARD AMBRONN, Gottingen 
Translated by Margaret C. Cobb., M.A., Ph.D. 
A*® authoritative discussion of geophysical methods of exploration in min 
ing and hydraulics, in the solution of water supply problems and as an 
auxiliary to geologic research work. The book summarizes the scientific back 
ground of geophysics and describes exact methods of geophysical procedure. 
372 pages, 6x9, 84 illustrations 
$5.00 


Destructive and Useful Insects—Their 
Habits and Control 
By C. L. METCALF 
Professor of Entomology, University of Illinois 
and W. P. FLINT 


Chief Entomologist, Illinois State Natural History Survey 
McGraw-Hill Publications in the Zoological Sciences 


THOROUGH treatment of the essentials of economic Entomology, 

tended both as a text for beginning students and as a guide for pract 
farmers, gardeners, fruit growers, ete. In the discussion of each inse 
authors cover— 

1. the recognition, marks and type of injury; 

2. the life history with descriptions of the stages and significant habits 

3. control measures. 

918 pages, 6x9, 561 illustrations 


. 


McGraw-Hill Book Company, Inc. 


Penn Terminal Building 
370 Seventh Avenue New York 
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THE NEW YORK MEETING OF THE AMERICAN 
ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE 


By Dr. HENRY FAIRFIELD OSBORN 


On behalf of the fifty educational and States { 
entific organizations 0 New Yo 
City, I extend a cord: leo 
members of the Amerieai (sso 
r the Advancement of Se 
associated scientific societies 
itional and local committees 
greed on a seven-day program, whi inders 
will begin with Professor Bailey Willis’s ears ag S 
ldress on ‘*Continental Genesis yecel 7 to Lou \ 
Wednesday, December 26 nd WwW 
the evening o | 1esdaa\ Januar’ | 
Professor Harlow Shapley’s a \ 
ress on ‘*‘Galaxies of Galaxies 7 
tervening days and evenings 
efly devoted to topes n geolor. 
ysies, biolog , chemistry and anthil the 


1Ogy in the orde} } mie 


dress will be accompanied b hn evening ISSS res Chil ‘ 
eception in the correspe ne depart lled te / ad ot ( 


ment of the American Museum of Nat ersit 

ira] History. Following the dmirable 

reeedent set by tine Britis \ssoe 
tion, these evening addresses will be of a vit som 
semi-popular character destined to at 
tract and stimulate the rapidly growing flluenc cit New )\ 
nterest in science manifested in the e Ty the novert 

New York and throughout the United — seientific 

1 Assisted by Helen A \\ , assistant \ complet 

eal secretary. Prepared at the 
iarters of the Ame! n Asso 
dvancement of Science, Educatior H 
American Museum of Natu Hist 
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treet and Central 
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educational centers of the world. It has 
attracted leading workers not only from 
the United States to its institutions oj 
pure and applied seience but from great 
centers of learning and researeh abroad. 
From being purely metropolitan it has 
hecome truly cosmopolitan 

During the past twenty-eight years 

e local government of the city of New 
York has led all cities of the world in 
building up great institutions of art, 
science and literature, so that by a rev 
miant strides New York as overtaken 


and in some instances has surpassed thie 
| 


work of centers of learning in the ereat 
A delightful feature 
of Science Week will be Tine Sunday 


evening reception at the spl ndid Metro 


capitals ot Europe . 


politan Museum of Art by the mayor « 


the city and the trustees of the museum. 
Another is the Sunday afternoon Phil 
armonice Symphony econeert, led by the 
Mengelberg, 


famous conductor. and 
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universities, 


T ( schools. muscums 


and laberatories of 


; 


a nation represent 
eultivated by just 


American As 


intellectual vigor as 


such organizations as tie 


sociation and by the individuals who 
compose its membe rship New Y ork + T\ 
because of its size and prosperity is thi 


location of a fair share of these institu 

tions of the United States In facet 
, 

o remember the brownstone 


August 


when S. P. Langley was pres 


members w 


ty during the sultry meeting 


of 1887, 
lent, and 


those who rode around 


1900 in horse-ears to 
S. Woodw 


well as the 


crowing eity ol 
ear President R ird and s 
Col temporaries, as 


December, 1906, who lis 


William H 


lers ot 


lrave 


tt ned to Pre side nt 


and the subway strap angers o] Dec m 
ber, 1916, when Charles R. Van Hise was 
president, will be amazed at the ecitv’s 


growth in scientific institutions as well 
as In seientifie and commercial skyserap 
Notable 


sera pers, for instance, 


ter ot 


ers, among the newer sky) 


is the medieal ee 
and thi 


Columbia Unive rsity 
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THE NEW PHYSICS BUILDING 


elders find food for speculation in the 
Hall of the Age of Man, the comparative 
anatomy exhibits, the recently enlarged 
Dinosaur and Reptile Halls, the Darwin 
Hall, the Forestry and Oceanic Halls, 
the Geological, Astronomical and An 
thropological exhibits and the Hall ot 
Jewels. Color and form are vital el 
ments in nature and in the art whie 
simulates nature. These have been par 
ticularly studied at the American Mu 
seum of late years through the inspir: 
tion of Carl Akeley and his friends until 
the business of taxidermy has added th« 
art of painting and sculpture to its 
model mounting and has become a living 
merger of art and science. 

Beside the meetings at Columbia and 
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| THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 


fof Natural History, The American So 
ciety of Civil Engineers, The American 
‘iety of Mechanical Engineers, The 


Ap me 


ee 
t 


FAmerican Telephone and _ Telegrap 
Company and the Aquarium. 

» Barnard College, The Biological Lab 
Foratory of the Long Island Biological 
Association, The Brooklyn Botanie Gar 
den, The Brooklyn Institute of Arts and 
§ Sciences, The Casa Italiana of Columbia 
University, The Chamber of Commerce 
of the State of New York, The Chemical 
Foundation. The College of the City ot 
New York. The College ot Physicians 





sand Surgeons, Columbia University, 





BCooper Union for the Advancement of 
Arts and Sceienees and Cornell Univer 
sity Medieal College. 

| The Engineering Foundation, The 
=» Eugenics Record Office of the Carnegi 
Institution of Washington, Fordham 
University, The General Electrie Com 
any, The Hispanic Society of America, 
lhe Horace Mann School, The Hotel 
\ssociation of New York, The Interna- 
tional Edueation Board, The Interna- 








tional Hous The Lineoln Sel 
Long Island College Hospit 


ehants Association ol New Vor! 


Metropolitan Museum of Art 
seum of the American Indiai 
seum of the State of New Yor! 
Museums of the Peaceful Arts 


The New York Academy of Medi 
The Ne W York Acad m\ or Serene 


New York Botanical Garde) 
York Department of Healt] 


York Historical Society, The New 


Post-Graduate \Mledieal SCHOO 


pital, The New York Telepho 


pany, New York University, T 


York Zoolog eal soc1ery Tie 


Telegraph-Cable Company, T 


Corporatio! ol Ameriea. | { Ro 


Institute for Medical Resear 


sel] Savi Foundation. 7 { sl 


Experimenta! Kvolution ot the ( 


Institution of Washington, St 


stitute of Technology, Teachers 


The University of the State of Ne 
and 


the Western Electric Company 


Western Union Telegraph Compan 
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THE BOYCE-THOMPSON 

Exeursions, mentioned above, will visit 
the Aquarium, where the strangest fish 
in the world and the most common food 
fish swim peacefully in the walls which 
to Jenny Lind’s sweetest 


once echo d 


notes. The most recent acquirements at 
the Aquarium come from the Galapagos 
Islands and are quite extraordinary. 
The Zoo, with its realistic jungle and 
Aretie backgrounds, will be visited, as 
will be the greenhouses of the New York 
and Brooklyn Botanic Gardens, the 
Children’s Museum of Brooklyn and the 
Western Electric Laboratory. 
scientific exeursions 
haunts of 


Hamil- 


city, 


Besides’ these 
old-time 
Alexander 


Cleveland’s 


there remain the 
Peter Stuyvesant’s, 
ton’s and Grover 
Fraunce’s Tavern, Trinity Church, St. 
Paul’s Chapel, Battery Park, the Jumel 
Aaron Burr lived, the 
Gracie Mansion, the Dyckman farmhouse 


There is the bustling 


Mansion, where 


and Grant’s tomb. 
port of New York 
bunetious Stock 


to watch; the ram- 
Exchange; the East 
Side city of Armeni- 
Italians; the Russian quarter; 
Village; the German mid- 
town blocks of the East the fash- 
ionable city; the coffee district, silk dis- 
trict, paper district, toy district, depart- 


immigrant Jews, 
ans, 
Greenwich 
Side ; 


INSTITUTE 


FOR PLANT RESEARCH 


ment store district: and Broadw 


where tragedy, faree, 
flea ¢ 
other for ten crowded blocks Ther 
Build 
to marvel at, the peaceful paths ol t 
tral Park Ik and the 

pressive American Wing of the Met 


opera, Vitap 


movietone and the reus elbow « 


the alarming new Paramount 


for a brisk wa 


politan Museum of Art, where Ame1 
history unfolds itself through the hos 
An old vis 
itor to New York will never tire of © 


pitality of American homes. 


ing Brooklyn Bridge afoot at sunset, 
Visit to the top of the Wo 


regret a 


worth Tower to view a skyline that 


changed vastly in the last three vear's 
There are all these places and mor 
see in the city that is for the 
completed. Then there is the city un 
construction. Cathed 
of St. John the Divine, building on 


mon 
Here rises th 


medieval plan and containing an alrea 
famous sports window, where the ev 
day football 
polo player and hurdler stand perp 
Westward 
Hudson River suspension bridge r 
York 


intervel 


1] 1. . . 
eo.iiege piayver, e¢rewm 


ated in Cathedral glass. 


its great skeleton on the New 
though the 


| 
snores, 


Jersey 
span is still imaginary. Eastward 


Eighth Avenue subway continues to 


hain 


a eee 


ee 
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i 
Mi OPO M o \ 
tself built while the elty marches atop lation to his worl . ; 
ts exeavations All about the town the method of thought and “pare 
ising spectacle of building from the portance to th 
top down goes on while the crowds hurry zation 
' to work happs beeause it is Christmas The president ’ } 7 
higl spirite i beeause the alr Is erisp treme occupation wit the press 
so much Is going on affairs of his great museun nal “y 
tensive researches, has ¢ , 
AMERICAN ASSOCIATION PROGRAM of time and consideration to this 
\ great deal will be going on for thi program and has arranged that 
\meriean Association The association branch of selel . ’ 
eets this veal with the largest enrol ts special open session for neé ahi 
t in its history. Its more than 17,000 addresses. These . 
embers represent every state In tii wise noted in the aud riun 


nhion and all parts ol the Dominion Ol American \luseum if Natural Hist 


Canada. Everv field of science from the and will be followed by an inforn 
vadest aspects to the most minut and ceptiol ! Education Htall an 


etailed sort of investigation has its spection of the exhibition halts ye 
ace on the program, while general SE related to the subiect nder dis — 
sions have been planned to svnehroniz The program of gene! SCS nS 


! 
whole. to bring back some measult 


the advantages ot the old-tas} ioned Q 
around scientist over his necessarily { 

speclalized successor, and to give eael oC ’ Sv) P ss ( 
rker a glimpse of all selence: in its re G " f iu \ sses | , Vv 
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THE MUSEUM OF THE AMERICAN INDIAN 
HEYE FOUNDATION. 
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welcome tl ss " nt New \ I (us! M . ‘ ! 1) 
\ ~ 0 Dp (‘har = | Be \ of ¢ un ‘ pe \ , 
l ersitv, W spe Recent Discoveries I M > ( 
he Geolog f Mong .’’ touching on tl \t { 
k done by the Cer i \s «¢ Exped S s s - \ \ 
I Amer n Museu I 
Comn 0) | 
I ) 1} 28, 1928 ‘ } ‘ 


Ss } nu Josinh W Gibbs u 
the American Mathen Societ R 
Vl \ 1] 
ssor G. H. Hard f the Univers f 
(yf lw spent \ luct I Ne ’ 
, _ + +} 
| v of Numbers ! Cas \4 , . 
it 
/ 
The Canti f ting t 
ssue cells fro, Ww shown b 1) ( \ Re = “ 
; / A. N . ( 
Kofoid, of the University of California, in the 
’ “=f ? 
Horace Mann auditorium at 4:30 p, n S 


/ 


Seventh annual Sigma X ecture w be 
given under the auspices of the American As Address (st 
tion, the Americal Physical Societ. ind Turner, F.RUS t © 





Society of the Sigma Xi by Dr. Arthur H epresent the British Ass 
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Besides these general sessions 


will be a number of joint sessions 
particular interest to large = gro 
Among these are the address of D 
bailey Willis before the Geological S 
ciety on Wednesday evening; the 
meeting of Section G and the Bota) 
Societys ot Americéa on Friday attern 


a ~~ 
at Teachers College: the Joint sessio) 


the American Physica . Astrono1 











Sl Ve 
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UNIVERSITY I \ 

CIATI New } sv 

't 

and Meteorological Societies with S rs 

tions B and D on the Same altternoo n 

the American Museum; the Svympos ea 
of the American Society of Natur 

on Saturday afternoon at the Ame) “al 

Museum; and the Synthetie Lune! n1 

of Sections C, K and N with the An Thi 

ican Institute of the City of New Y« don 

This luncheon will take place at 1 note 

Hotel Commodore at one o'clock pay 


Saturday afternoon. Colonel Marston 





Bogert, of Columbia University, 
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THE NEW YORK BOTANICAL GARDEN 
M u B 
preside. Dr. Edwin E. Slosson, of Se vible, whether its author is bet 
ence Service, will discuss ‘‘Effeets of of the association or mer of on 
Synthetic Organic ¢ hemistry on our the societies The announcement of the 
National Life.’* Dr. Roger Adams, of award committee’s selection will be } 
the University of Illinois, will discuss through the association’s news servic 
“Recent Contributions of Synthetic Full reports of the d rogTesc 
Organic Chemistry to Medicine.’’ Dr the sessions will also be supplied to th 
Charles H. Herty, adviser of the Chem press of the United States and the world 
cal Foundation and past-president of by the news service. The news roon 
the Synthetic Organic Chemicals Manu will be located in the School of Joum 
facturers Association, will speak on ‘‘ Re ism of Columbia Universit where 


cent Contributions of Synthetic Organie originals and abstracts of papers w 
Chemistry to Industry.’”’ he available to the press 
The science exhibition, pertinent to 


. » s ‘ IVE SUNDAY > AN 
all these sessions because of its exten ATTRACTIVI DAY | 


sive collection of apparatus and scientific Sunday oceurs in the middl 
publications, will be as usual under the meeting week and will be a time of 
charge of Major H. S. Kimberly, of the recreation of a most attractive sort 


national office. It will be held in the the morning excursions to various 


gymnasium of Columbia University and of interest will be conducted, as ar 
will be well worthy of a visit from work nounced by the Entertainment Con 
ers in any field. Individual societies will mittee in the program and at the regis 


n addition have their special exhibits tration offices. The clergy of New Yor 





near or in their meeting rooms. City, whose predecessors formed a sub 
The sixth annual award of the Amer- _ stantial percentage of the early member 
can Association prize ot $1.000 will be ship of the association, have been asked 
announced at the close of the meeting. to recognize the present meeting in sp 
This prize, given by an anonymous cial sermons. The topic of ‘‘ Nature and 
| @ donor, is awarded to the author of a_ Religion’’ has been suggested to them by 
} noteworthy contribution to science Any the president of the association as pre 
; 


paper presented at the meeting is eli ferable to the more usual and sometimes 
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antagonistic ‘*Science and 


‘Science and Theology Every re 


ligious denomination was included in 


morn 
Many 


this invitation to extend Sunday 
ing hospitality to the visitors 
Interesting sermons are expected 

(on Sunday afternoon the special! eon 
eert of the Ph 


el t\ 


lharmonie Si mphony So 
Hall. 


Every registrant is entitled to a compli- 


takes place at Carnegie 
he obtained 


Any 


unclaimed by Saturday noon 


mentary ticket. which 
at the 


which are 


ma\ 
registration booths seats 
will he available for accompany ing mem 
bers ot families, but as the capacity ol 
the hall is limited to 
1 


allow the 
(ut-ol 


2,700 it was thought 
wise to first reservations only 


to members town members ar 
especially urged not to miss this oppo 
tunity ot the 


orchestras of the country in its own hall. 


hearing one of finest 
The program, with Mengelberge conduct- 


ing, will be as follows: 


Liset, Prelude. 
Tschaikowsky, Adagio, Andante Cantabile. 
Waaqne Wotan’s Farewe from Die 


Walkure. 
INTERMISSION 
Heldenlebe n 


Strauss, Ein 


On Sunday evening the trustees of the 
Metropolitan Museum of Art will set 
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YORK 


Religion’’ or 


AQUARIUM 
aside long-established precedents 
o1V a reception to the members o 


‘an Association. (;uests WII! e) 


Ameri 


the building by the park entrances 


; 


will proceed through the valleries to 


Fifth Avenue gallery, where the ree 


tion will tak place. There will be mus 
throughout the evening Every pers 
who registers will receive an invitat 
to this reception and will thereby i 


quire a most unusual opportunity 


viewing the treasures of the museum 





ENTERTAINMENT PROGRAM 


There will be the usual society 


CONS and dinners, managed in each i 
The rt MW 


by the society eoneerned 


also be a general social program, 


nounced by the entertainment comm 


as follows: 


1) Evi rs 
Luncheor In the Flving Bird H f 
American Museun 60 cents 


Afternoon Tea—At 4:30 o’clock it 





Grace Dodge Rooms of Teachers College, P 
ophy Hall of Columbia University, and Edu 
tion Hall of the American Museum, throug! 





offic 
Aquarium, Bell Tele; 


courtesy of the and 


Visitors Welcome 


university museum 


Laboratories, Bovee Thompson Institute, ¢ * 
dren’s Museum and Brooklyn Botanic Gar - 
New York Botanical Garden, New York |} : 
torical Society, Long Island College Hos} : 
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Prineeton University, Profess Edwin G. 
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Rockefeller 
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BOTANIC GARDEN 

B DIN« 

the members, the officers of the asso 

tion have worked in the hope that ey 

member registering for the sessions 

make full use of this opportunity of 1 

izing the fourfeld objects ot the ass 

tion. When applied to the indi 

member these are briefly: (1) to 

mote intercourse among scientifie w 

ers in different parts of America, 

the reby to aid knowledge of each ot! j ' 
methods, ideas, problems and pers ’ 
itv; (2) to provide familiarity 

other scientifie societies and institut 

through coop ration and personal 

spection ; ) to give a stronger, ! 

general impulse and more systemat T 
rection to scientifie research. throug! Van 
exchange of ideas and the establish van 
of a definite time and place of pul mal 
tion; (4) to procure for the labors o Inst 
entific men inereased facilities ai . DD. 
wider usefulness This last obje f t 


particularly well accomplished in 
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New York, where public interest 1s 
ely aroused and where the leaders ot 
neree and industry can be brought 
e to face with the men whose Inven 
s and painstaking investigations 
{ possibl a large measure ol} the ma 
prosperity 


ll as intellectu: 


as wt 


eountr’ 





DR. FRANK LEVERETT 


LECTURER IN GLACIA GEOLOGY, UNIVI IT’ 2 


History OF THE AMERICAN 
ASSOCIATION 


e Ad 


Vanecement ot Selence 1s a national o1 


The American Association for t] 


ganization of scientifie workers with pet 
manent headquarters in the Smithsonian 
Institution Building at Washington 
D.C. Professor Burton E. Livingston, 
of the Laboratory of Plant Physiology 
of the Johns Hopkins University, is pet 
manent secretary of the association, and 
is assisted by Mr. Sam Woodley, mana 
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ver of the Washington office Other offi 


President, Henry airfield Osborn : 
American Museum of Natural History, 
New York: retiring preside nf, Arthun 
A. Noves; California Institute of Teel 
nology, Pasadena, Calif.; general se 
retary, W. J. Humphrevs; Weather 


bureau, Washineton, D. C.: treasure) 











THE BELL TELEPHONE LAPORATOR 
agriculture and edueation A nui 
of national selentifie societies are 


elated with each section and usu 
meet at the same time. aithough 


programs are sometimes separate Ie 
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UNITED ENGINEERING SOCIETIES 
BULLDING 
John L. Wirt; Carnegie Institution of 
Washington, Washington, D. C.; the 
vice pre side nts, the chairmen ot the 
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The association is composed of seetions 


P . , 2 ONE OF THE HUNDRED OR MORE VISITOR-OPI ‘ 
in mathematics, physies, chemistry, as ies heed sate eae o4 Went 4 
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ical sciences, biological sciences, anthro VISITOR MEASURING IN 1/] HS Y 
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sciences, historical and philological sei- TION OF A STEEL RAIL CAUSED BY THI 


ences, engineering, medical sciences, PRESSURE OF A FINGER ON THE TOP OF THI 
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York Other cities are visited iy 


venine 


, stmas 


evTings 


Tie 


\ 


TS researe! 


B entific inst 


ears 


meetings 


and 


addition 


oOccasiol 


association 


7 
t 


i\Vt 


al 


\ 


To The 


work re. endeavors To) ©} 


Irie nadly 


? 


d Sc lt ntifie 


iT 


anh 


Membership 


COO pK rat 1On 


tutions 


and 


among 


individuals ane 


publieat 1OnS 


i 


the association 


subse) Iption 


rr?) 
itl 


eithe. 


Science or THE SCIENTIFIC MONTHLY. 


whicl 


This great 


Bs waking 








FESSO! 


ANPORD 


DR, 


SCICTITISTS 


oO} 


TRU 


: 

: 

d +] ot ) “Hy 
tivities appear 


EDUsé 


NIVER 


IK 


‘ 


SI 


» & 


OF 


associat 


MAN 


\ 


Ol 





CHAI 


EDU’ 


lon 


a7 


accounts 


AN 


| 


ais 


thre 
North 


MAN 


ION 


‘ 


L. KELLEY) 


ION 


s 


Englis 


An 


NEW YORK 


ward 





> 

meets 

44 

il Col { 
S past 

York rit 
moroerap 


Assoc ation 


mad 
Ame 
Ne W 
bet 


were 


Thi 
rical 
Yo 


Hitchcock 


moving 


rhOW A 


! i I: ( 
Merle ( 
| Nis IS ‘ 
i)? nwo? | | 
reat il 
rmatio 
’ 
(FCOlLOGISIS | 
, 
Board 


K 


Kkmmons, W 


VW hich took 


1 
ie 


Hall 


Philade Ip] 


were 


; 


on, 


eigh 


five 


; 


a 

Y spirits 
formal being 
vt the Frank 

on Apt 
een members 
1 them ron 





\J 

( 

e As 

l 1) 
rf ov 

W. M 
( (] 
ISN org 
at ry 
1) 1} 

2, 184 


lh 








I’ 





Kdward Hiteheock 


The 


was Chalrman. 


Rev. 
Three years later the geologists’ asso 
clation widened its scope and became th 
Association of American Geologists and 
Naturalists. Accounts of the 
of this body were published in the Ame: 
There 


seventy-seven me mbers who attended the 


meetin 


1can Journal of Science. wert 


meetings or presented communications. 
were 
This 
less theology than in 
Association, had 


in 1831 with 25 per cent 


protessors 


pel 
British 


Sixteen of these men 
was 6 
the 


organized 


and tour clergymen. 
eent, 
which been 
of its members 
cleries, including the eminent geologists 
Buckland and Sedgwick 

In 1847 it was decided to further ex 
tend the scope of the association and on 
September 20, 1848, again at Philade! 
phia, the American Association for the 
Advancement of Science was established 


William C 


was a meteorologist and physicist. 


Redfield, the first president 
Hi 
formation o 
although = th 


was a prime mover in the 
the 
actual business of formulating rules was 


larger association, 


done by H. D. Rogers, Benjamin Peire 


and Louis Agassiz. Largely through 
Agassiz’s influence the association was 
modeled after the British Association 


of Science, under 


Agassiz was also 


for the Advancement 
which he had worked. 
responsible for the object ot interesting 
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plishment, 


general publie in scientific 
an aim of his lite whic 
realized by the establishment of m 

our national museums, notably the ¢ 
Museum ot \ 
omy and American 
Natural History and in 


umerous 


brida Comparative 
Museu 


t he Scleri 


America 


the 


partments Ot 1 
versities. 


1848 knew 


The year political 
and the opening up of a new era 
history of the United States Ri 


tlonary st Kurope, 
War ¢ 
in February brou 


under out flag { 


ruggles racked 
the 


signed 


America Mexican 


the treaty 


LOSCC] 


vast new territory 


wagons started westward ( 


California Kx 


ered 
was discovered in 
ing expeditions added zest to the o 
The 


United 


ical study of the day 
the 
stimulated 
the completion 0 i 
Aqueduct New \ 


Was an engineering event S 


posta 


nection between States 


Great Britain internat 
contacts, while 
High 
City 
tualism was given its first public de 
and Mormons wer 


Nauvoo, Also, Ih 


woman's suffrag 
1 
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Bridge in 


stration 
at 


oreat 


perses 


Jul 


Illinois 
movement 


{ 
its first woman’s rights convention 
was a vear of beginnings and ar 5 


them the 


eighty-five vears of life have broug 


American Association, w 


growth hardly dreamed of in 1848 
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SCATTERING 


CRYSTALS 


By Dr. C. J. 


THE spec il interes vhich attaches te 

gg timate with electrons made 
Dr trermer and me is due TO their 
iding a certain quite definite support 
the le attaale | rom wi i¢h has sprung 


e wave theory of mechanics—the hy 
othesis put forward by de Broglie in 
24 that just as it is convenient in cer 
in circumstances to regard X-rays as 
articles rather than as waves, so it will 

found convenient in certain ¢lreun 
stances to regard electrons as waves 
rather than as particles 

[ should like to be able to state that 
Dr. Germer and | were greatly m 
rressed by the reasonableness of this 
ypotnesis, and that we set about a 
nee to devise an experiment in whiel 

vave nature of electrons would be 
evealed by the phenomenon of inter 
ference. The fact is, however, that the 
considerations which led us to invest 
gate the seattering of electrons by a 
cry stal of nickel were of quite a different 
sort And it may be of some interest 
n describing the experiments, I te 
vhat these considerations were 

Our interest in the general subject of 
electron seattering dates from a simple 
but significant observation which we 
chanced to make in the Bell Telephone 
Laboratories in the year 1919. What we 
observed was that when a beam of elee 
trons is directed against a metal target 
some of the incident particles are scat 
tered without appreciable loss of energy 


Eleetrons hay ing the same speed as those 


Based on an address given by invitatior 
before Section A, Britis Association for t 
Advancement of Science, Glasgow, September 
1928, 
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reetlons nad ol ly “ mpara vely We 
~( tel oO } others 
(urves illustrating ft S diff rene he 
} ( at | ittel hey by Stha | ina lara 
stals—or rather, by many and few 
‘ S re shown in Fig. 1 But first 
> 
'é) 
2) 
9 
TUNGSTEN 
FILAMENT lp 
(/ 
' / 
wa 8 444 
~S x 
> ~ a > 
NICKEL ! 
TARGET 
I E 
| must explain how these curves wert 


obtained The method of obs rvatiol 


will be made clear bv the diagram on thi 


lett Kleectrons emitted by a tunesten 
tilament are accelerated and some ot 
ese, after passing through a series ot 


he am ol 
Th - 
target, 


eleetrons ol various speeds 


apertures, emerge In a narrow 


pencil from the ‘‘eleetron gun 


} ad reeted ne Inst Tie 


Vu 


cam IS 


from whiel 


stream out in all directions. The inten 


scattering in different directions 


S T\ oO! 
is then determined by measuring the cur 


inner box of the 


rent 


17 
: +t 
( recto! 


received by the 
as it is moved from one posi 
We are interested pri 


electrons which 


| 
tion to another. 


marily in only those 


leave the target with the same speed, or 


nearly the same, as those in the incident 
beam. observations restricted 


Our are 


to this class by maintaining a retarding 
potential of appropriate magnitude be- 
rhe 


are 


tween the parts of the collector. 


distribution eurves shown in Fig. 1 
hoth 


for nickel, and are both for bom 
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barding potential 75 volts. The o 
Thi ( tis fT rit l ¢ The s¢ ering 
target comprising many small ¢rys 
\"\ ‘ t if ol rie ; \\ j obt 
whe e number o stals wm 
bombar mel was nly Oo} , 4 ‘ 
j 
r—~ 





AND 
It was this result rather thar 
Broglie’s hypothesis which led us 
vestigate the scattering DV a single ¢ 
tal. We were convineed that this im 
ular pattern could result only fron 
marked dependence of the intensity 
scattering upon erystal direction 


find what this dep 
And 
detail in 
experimental conditions which we ti 


we set about To 


dence might be now | 


somewhat into deseribing 


to realize in these new experiments. 


to do this I shall make use of 1 iv) 

diagrams the 
Nickel forms cry stals of the face-c 

tered cubic tvpe, the edge ot the wm 

cube beine 3.51 A in length Tl 


bloek ot 27 unit eubs S snown on the r ) 


) 


in Fig. 2 will serve as a symbol to r 


resent the crystal which we eventua sid 
produced and with which we began 


investigation. First we cut through t 


structure at right angles to one of f sp 
triangul 


\ to 


cube diagonals, exposing the 


face shown in the central figure 








rl ved to bombard this ne s AM, 
ned surtac norm nel ra s . 
ist] ted Oo} Tiv¢ riv Vi 
We wished courst measure ( 
sitv of seatterine not o 1 
single plane as In our previous expel ( 
ents, but in various planes on muths CS 
neident beam lo accom e] 
. s we adopted the arrangement knew oO 
shown in Fie, 3 The eollector could bi thir 1 
tated about the bombarded ar 
single plane as before, but i ddit i 
e ervstal its could be rotate bou Te 
iXIS OL the mneldent beam, so ft 1 rie . ( 
vy azimuth of the ervsta ld be 1] 
ont into thre plane oO Tie Nleelto! out 
z » clear Ot COUrst 1 1 Cel ! re } 
. evion 1s imposed by the svmmetrv o structures 
i tie crystal upon the type of seattering ‘ 
! ttern that can be observed with ft Ss thie ~ 1 
irrangement; the threefold svmmetry of — grainc: 
( crystal IS nec ssarily reflected i nounes 
I reefold symmetry ol Tie patter! was re r 
The principal azimuths of 1 erystal obser 
re the set of three which include thi made at 
ipexes of the triangle, the set of thre crystal te 
whieh inelude the mid-points of th nto the 
1 sides of the triangle, and the set « SIX termine 
lving parallel to these sides ese We eurve Wi 
designate the A-. B- and C-azimuths re pointe 
spectively. ple rom 
It was 1n April, 1925. that we set out served ’ 
\ § to produce a nickel erystal of appro- nary po 


t 








priate 


THE CRYSTAL 





FACE CENTERED 
CuBIC STRUCTURE 


size for this 
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one end to the other. The B- and C-azi able in the distribution curve 
muths were explored with the same re- <A-azimuth, that this bump dev 
sult into a strong spur as the voltage w 


While we were wondering how this creased, and that afte attain 


could be the tungsten filament which maximum development at 54 


supplied the bombarding electrons weakened progressively and ais 

burned out, and what with various in from the curve at about 70 volts 

terruptions and delays it was several A family of eurves exhibiting 

months before the damage was repaired behavior is shown in Fig. 4. Thess is 
and we were able to continue the obser A-azimuth eurves for bombarding : 
vations. In the meantime | had had the _ tials 36 to 68 volts. The spur is st — 
pleasure and the benefit of attending the est at 54 volts, and its axis at this 
Oxford meeting of this association, and age lies at ecolatitude angle © : 
of diseussing these matters with Dr. The eurve at the bottom of thi : 
Hartree, Professors Born and Franck was obtained by setting the collect A 
and one or two others. And when the’ the axis of the spur at maximum «¢ ee 
measurements were resumed a month opment, and then measuring the eu ‘ bd 
later we were rather hoping, I think, to to the collector as the erystal was rs 
find something in the nature of an inter- tated. We find a strong maximu 
ference phenomenon. At any rate, we each of the A-azimuths y 
began a systematic study of the distribu- Here at last was our depende 

tion curves of each of the principal the intensity of scattering upon ¢1 ere 
azimuths, beginning at the lowest bom- direction, and here also was the s 7 
barding potential at which observations tion of an interference phenomeno be 
could be made and working upward. the shining out of those beams at e 
And in January, 1927, we came upon ticular speed of bombardment is el ’ 
the first departure from the simple type similar to the shining out of a s . > 
of curve. We found that beginning at Laue beams such as might have | 2 : 


about 40 volts a slight bump was notice- observed had our incident beam 
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one of monochromatie X-rays of adjust and it was impossible. therefor 
able wave-length. But here the similai low the usual procedure na 
ty seemed to end, ror we found on use oO the Bragg formula ri s ul 
making the caleulations that no one ol post The Bragg — ? 
? the important A-azimuth Laue beams _ ever, the on means availal 
es in the direction ©=50°. If the lating the wave-lengths of | 
wave-length of an ineident beam of It may be show or examp 
. X-rays were decreased from some large wave-length of each sucl 
value, the first set of Laue beams to the ordinary plane-g 
appear would indeed lie in the A-a opties with respect to on 
muth not, however, at O 50°, but at the plane gratings tormed Db cS 
: (-) 70 And the next set to appea *) files Oo atoms Ving il thy Sul 
this azimuth would lie at O = 44°. erysta Thus the atoms 
Wi wer most anxious. ot course. ca) Ol oul Cryst; mia by CY i 
ealeulate an equivalent wave-length for ranged in lines at right 
this electron beam at © =50° to find it plane of the A-azimut] 
. t might agree with the de Broglie wave atoms Torm a line grating . 
le neth h mv for electrons ot speed eo? eonstant S 2 1D \ red The 
responding to 54 volts. But the beam of everv Laue beam app 
does not lie in the direction of regular azimut satisfies the ordinat ne 
; reflection from any ol the important grating ormula with respect 


sets of Bragg atom planes of the erystal, grating rhe vet) tha This bebe 
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eould be applied in a pe rtectly definit« 
way to calculate an equivalent wave 
length lor our beam ol electrons, 
whereas the Bragg formula could not, 
was not perhaps very good justification 
for its use, and vet I do not reeall that 
this caused us any reat amount of 
worry We applied the formula and 
obtained a wave-leneth which was, in 
deed, in very good agreement with the 
value of h/mv for 54-volt electrons, the 
values being 1.65 and 1.67 A respec 
tively 

And now I| should like to anticipate 
the conclusion at which we shall shortly 
arrive—namely, that electrons are in 
deed scattered as if they were waves—to 
remark that these waves are appreciably 
absorbed in traveling only atomic dis 
tances in solids, and that, as a conse 
quence, a film of gas on the surface of 
the erystal acts as an absorbing screen 
to reduce very materially the intensity 
of diffraction beams such as shown In 
Fig. 4. The surface of the crystal was, 
in fact. heavily coated with gas at the 
time these first observations were made 
The curves shown in Fig. 5 are for this 
same beam when the crystal is In a gas 
free condition—the gas having been 
removed by heating. The intensity of 
the beam has been increased by this 
treatment about fourfold 

We found next a beam in the B-azi 
muth which is most intense when the 
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We have not been concerned in this 


parison ol wave leneths with The 


T son why the directions taken by the 
rt ctron beams are not the same as those 
1 en by the Laue beams We have 
e) cen the electron beams as we hav 
nd them and have calculated their 
eS ve-lengths without regard to then 
of occurrence. This law ts ¢learly 
a | t the same as the law of occurrence « 
! ime beams, and vet it Is evident fron 
“ examination of the data that the two 
i Ws are In some way related. To illus 


ate this we display the data in a di 


} ram Fig 7 in which we coordinate 
i ive-leneth and the sine of the colati 
T tude angle ©. This particular diagram 


s for the A azimuth The crossed eireles 
t oordinate the wave-leneths and angeles 
Laue beams occurring in this azimut] 


ind the solid dots coordinate the same 


| 1 quantities for the electron beams. the 
ve s vave-lengths being calculated from the 
et de Broglie formula The erossed cireles 
id representing the Laue beams fall on 
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rt these straight lines are the graph of the 
lot plane-gratinge formula for this azimuth, 
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a justification of the use of the plane 
grating formula for calculating wave 
lengths 

Our recent efforts have been direeted 
toward finding whether or not this idea 
that electron waves are refraeted in 
accordance with the same laws as light 
and X-rays is really tenable. The pro 
cedure has been to find whether or not 
all differences between the occurrences of 
electron and X ray beams can be ex 
plained by assuming for the ervstal an 
index of refraction which is a funetion 
of eleetron speed or wave-length only 
The results so far obtained are not 
entirely conelusive. There is, however, 
a fairly strong indication that the ques 
tion will eventually be answered in the 
affirmative. I shall have something more 
to say about this matter of refraction, 
but for the present I should like to 
return to a further consideration of the 
beams 

Having observed the eleetron analogue 
of the Laue diffraction beams, it was 
quite certain that under appropriate 
conditions we should observe also the 
analogue of the Bragg reflection beam. 
There was no possibility of observing 
this beam with the first arrangement of 
the apparatus, as the incident beam met 
the surface normally, and the regularls 
reflected beam, if it existed, was outside 
the range of our observations. Ina see- 
ond experimental arrangement with 
which we are still working, the angle of 
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incidence can be varied from 0° to 
and with this we find, as was anticipa 
that the incident beam 1s regularly 
selectively reflected ; the intensity of 
reflected beam Is a maximum at cert 
critical speeds of bombardment, just 


the intensity of the Bragg beam 


maximum at certain critical w 
leneths. Curves from which we il 
the existence of the regularly reflect 
beam are shown in Fig. 8. 

These are for angles of incidenc 


10, 20 and 35 degrees, and for bomb 
ing potentials for which the intensity 
the reflected beam is at a maximum 
each of these cases and in every sl 
ease which we have examined the 
of the spur lies accurately in the din 
tion of regular reflection. These obs 
vations, unlike the previous ones, v 
made with no retarding potential 
tween the parts of the colleetor. E 
trons of all speeds were accepted 
the inner box, and the refleeted b 
shows up against this strong backgrou 
The curves in Fig. 8 illustrate 
regularity of the reflection. Its se 
tivity is illustrated by the curve in | 
9. What we have plotted here is th 
tensity of the reflected beam for ar 


of incidence 10° against the recipr 


of the de Broglie wave-length ‘| 
angle of incidence is held constant 


10°, the intensity of the reflected bean 


measured for various speeds of bombat 
ment, and these intensities are plott 
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against the reciprocals of the cor- would be puzzling, indeed, if this law 
responding wave-length. The equivalent were found to obtain in the case of the 
experiment with X-ray could not be reflection beam. Here again the differ- 


made at all conveniently, since with X- 
rays we do not have available a mono- 
beam of easily adjustable 
wave-length. It is quite easy, however, 
to deduce from Bragg’s law what would 
We find that the 
sponding curve for X-rays would be 
characterized by equally spaced maxima, 
the distance between successive maxima 
being 0.249 on our scale of abscissae. 
The positions or wave-lengths at which 
these maxima would occur are indicated 
by the arrows in the figure. If the 
‘Bragg law obtained also for de Broglie 
pwaves, the maxima in this curve for elee- 
strons would occur at these same posi- 
jtions. That they fail to do so is, of 
‘course, not surprising. We 
hat the electron diffraction beams fail 
fo conform to the Bragg | and it 


Soe 


chromatic 


be observed. corre- 


have seen 


aw, 


the X ray 


phenomena is such as might result from 


ence between electron and 


electron refraction. It is quite easy, in 
Fig 
for electrons of 
to 


fact, to calculate from the curve i 
9 indices of refraction 
the 
maxima. The values found are plotted 
in the lower of the figure. They 
decrease regularly from 1.14 to 1.01 as 
] from 


or o 


speeds corresponding these 


part 


is increased 
the 


the wave number 
0.6 to 2.0 A 
potential is increased from 60 to 600 
volts. 

Now electron refraction is in a way a 


/ 
bombardi 


as 


reasonable and acceptable sort of phe- 
nomenon. We that 
accelerated as they pass into a metal, 
and to 
particles rather than as waves we may 


electrons are 


know 


if we want regard electrons 


as 


explain the refraction of electrons as 








50 THE SCIENTIFIC MONTHLY 


Newton explained the refraction of light 
on the corpuscular theory. If we pre- 
fer waves we think of the change in 
potential experienced by the electrons on 
passing into the metal and calculate a 
change in wave-length either from the 
de Broglie formula, or by means of the 
Schroedinger wave equation. Which- 
ever view we take we are led to expect 
that the index of refraction will be ap- 
preciably greater than unity for elec- 
trons of low speed, and that it will ap- 
proach unity according to a certain sim- 
ple law as the speed is increased. The 
form of the dispersion curve should, in 
fact, be much the same as indicated by 
these results. What we may call the 
scale factor of the curve is determined 
by a single parameter—a potential dif- 
ference characteristic of the metal, which 
we naturally think to identify with its 
thermionic work-function. It is some- 
what surprising, therefore, that to ac- 
eount for the scale factor of the dis- 
persion curve shown in Fig. 9, we must 
assume a work-function equivalent to 
about 18 volts—a quantity much too 











large to be mistaken for the ordi 
thermionic work-function of nickel. 

But again the theorist is ready 
solve the riddle. The interesting 
gestion has been made by Bethe th 
refractive index is determined not by 
Richardson work-function, but by 
larger absolute work-function 
figures in the Fermi-Sommerfeld 1 
of electrons in metals. Eighteen 
it appears, is an acceptable value fo: 
latter constant. 

And now it is too bad to have t 
port that the further measuren 
which we have made of the refr 
index confirm the curve shown her 
in the region to the right of 1/) 
In the region to the left the dis 
sion is much less simple than was 
cated by these first results. The dis 
sion curve in this 
highly complicated, as will be seen 
Fig. 10, in which we have plott: 
values of refractive index obtain 
these measurements. What interp: 
tion is to be placed upon these flour’ 
we do not know. There is a suggest 
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here, of course, of a resonance phenome- 
non such as that to which we ascribe the 
anomalous dispersion of light, but oscil- 
lators and resonance would appear to 

ve no place in the theory of electron 
dispersion. 

It has been remarked already that for 
electrons of high speed the index of re- 
fraction approaches unity as the speed 
is increased. At 600 volts the index is 
about 1.01, and at 1,000 or 2,000 volts 


it should be ual sensibly to u 7 
The geometrical differences between 
electron and X-ray diffraction shou 


the retore, decrease as the speed of bon 
and should be 


bardment is increased 


come imperceptible when the bombard 
ing potential is measured in thousands 
of volts. That this is true is clearly 


shown by the beautiful experim 


; 

iecnts 
» ; . 

] roltessol 


which have been reported by 


G. P. Thomson and his collaborators. 











GEOLOGY, ITS STUDY AND RELATIONSHIPS 


By Professor BRADFORD WILLARD 


DEPARTMENT OF 
GEOLOGY is earth science. It is less 


a true science than it is a league of 


closely related sciences. To the stu- 
dent of geology a broad field of investi- 
gation is open. He must master his 


own chosen realm of study, and must 
supplement this with many courses in 
other fields of learning. With the ac- 
companying relationship diagram before 
us, let us consider what sort of curricu- 
lum must be followed if one would be- 
come a specialist in geological work. 
The beginner usually first makes con- 
tact with geology through a course in 
physiography or physical geography, 
followed by one in historical geology, 
that is, earth history. From these as a 
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Ofte I 


selence 


various divisions of geology. 
is undecided what in earth 
peals most to him, and it 
‘‘browsing around’’ during undere 
uate days which gives him the op; 
tunity to select a branch for furt 
concentrated specialization. Follow 
his introductory year, he usually 

tends a course in mineralogy and cr 
tallography with some petrography 

petrology and leading to more advai 
courses in petrography or optical 


is just 


eralogy. 
studies in metallic 
is here that training in n 


economic geolog 


since it 
eralogy is most applicable. 


tinues, he may register in courses 











foundation, his undergraduate studies stratigraphy and sedimentation, st) 
lead him into fields devoted to the tural and dynamical geology, prospec- 
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ing, paleontology, and so forth; or, if he 
has a leaning toward a business career, 
he may specialize in economic geography. 
By his senior year he is fitted to under- 
take a simple field problem 
mapping the geology of a small area, 
solving a problem in physiography or 


such as 


interpreting some bit of rock structure. 
But if he is to step into remunerative 
geological work his training should not 
stop with only undergraduate studies. 

Specialized graduate work is now held 
necessary preparation for the student 
Seldom to-day can a 


of earth science. 
man with only a bachelor’s degree and a 
few eourses in geology to his credit se- 
eure geological work, much less aspire to 
teach in the field. Graduate 
usually lead into some form of specializa- 
He may make his major miner- 
the other 


studies 


tion. 
alogy and petrography. On 
hand, with these subjects as a minor 
study, he perhaps devotes himself to 
mastering the principles of 
Advanced physiography and 
economie geography in conjunction with 


economic 


gre( yi gy. 


in economics may occupy his 
graduate years, constituting a ‘‘split 
major.’’ Again, stratigraphy and pale- 
ontology offer inducements to the stu- 
dent interested in evolution and earth 
history and having a liking for biologi- 
eal subjects. Still others find it their 
preference to carry on, during graduate 


courses 


years, a general advanced course in sev- 
eral branches of geology, this chiefly in 
the eases of those preparing to teach. 
In whatever field the graduate may con- 
tinue, research problems must be under- 
taken, perhaps as theses, best developed 
in actual field work in summer schools of 
geology or, preferably, in regular, off- 
campus, geological employment. 
On completion of graduate work, for 
what is the newly fledged, would-be 
| geologist suited? His training may be 
} of the best, but he still lacks that most 
essential of all qualifications of a ge- 





ologist (omitting the physical )—actual 


experience in unsupervised application 


f earth pl 


I 


of his understanding « enom- 


How 


there is 


he secure this training? 
] 


ore ological 


ena. 
First, 
Such surve ys are 


may 
work. 
fed- 


eral and a number of state governments. 


Survey 


maintained by the 


A more excellent field of training can 

hardly be found. There is a steady de 

mand for geologists in private enter 

prises, mining, metallurgy, engineering 

all requiring their assistanee. But suc] 

applied geology is not the limit of pos 
‘ 


We 


types of 


sibilities. may also designate cer- 
work, 


and 


Rare indeed is 


tain more theoretical 
teaching 
museum 

the college or university to-day without 


researen positl ns 


and 
employment. 


at least one geologist on its staff of in- 
l, usually 


divisions of 


struction. Many employ severa 


representing the physi 


ography, general geology and miner- 
alogy ; and the larger institutions retain 


men in less common branch: Ss 


sut the scholastic training of a ge- 
ologist is not confined to the subjects 
taught by his own department. It 


would be impossible for him to master 
these without supplemental work. Can 
the mineralogist 


try; the paleontologist without biology? 


work without echemis- 


Consider briefly what such _ extra- 


veological training must bi 


a student 1 t 


has elected to 


His 


logy 
associated 


Assume that 


specialize in economic geo 
field les chiefly 


with mining, and metallurgy, surveying 


along lin S 


and mapping, engineering methods, plus 
economies and business administration 
He should attend at 


courses in as many of these subjects as 


least elementary 


time will permit him. As a geologist his 


training must be most complete in 
mineralogy and petrography, 
these depends his ability to 
understand their 
interpret their origin. A_ study of 


mineralogy implies a knowledge of con- 


Since 


upon 
re cognize 
and 


ores, occurrence 
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‘ 


siderable chemistry, an ability to ‘‘run 
analyses’’ of rocks and ores and under- 
stand the chemical make-up of minerals. 
Physics is useful in the application of 
the laws of optics and light to the opera- 
tion of the petrographic microscope. <A 
student of economic geology should un- 
derstand prospecting, for it is the ge- 
ologist who finds the ores which the 
mining engineer extracts and the metal- 
lurgist refines. Structural and dynami- 
eal geology must be added. Through 
the former the geologist understands 
the ‘‘lay’’ of the rocks underground. 
Deep-buried structures are more readily 
understood if the student be trained in 
descriptive geometry. Dynamical ge- 
ology teaches him physical and chemical 
changes which have metamorphosed the 
rocks, often resulting in the formation 
of ore bodies. Here again a knowledge 
of physies is needed in appreciating the 
mechanical forces involved in metamor- 
phism. Such knowledge is but a step 
removed from geophysics with mathe 
maties an assumed adjunct. A large 
proportion of the economic geology of 
to-day is concerned with non-metallic 
products, such as petroleum and natural 
gas, coal and cement. The search for 
these, particularly the petroleum and 
natural gas, demands an understanding 
of stratigraphy and sedimentation in 
order that the worker may interpret the 
origin of bedded deposits of rocks and 
the occurrence of their included eco- 
nomic products. In oil work, inciden- 
tally, ability to survey and map is even 
more helpful than in most geological 
field work. It is an essential part of the 
training of a geologist whatever his 
specialty. Paleontology, chiefly micro- 
paleontology, becomes of prime impor- 
tance in studying the minute organisms 
whose fossil remains are to-day so largely 
used as guides to oil-bearing strata. 
But suppose a student chooses paleon- 
tology as his field of work. Paleontology 


takes into consideration the biology 
extinct plants and animals, their e 
tion and their relation to living for 
It teaches of the former distributi 

organisms and allows glimpses of anc 
climatic conditions. The student 
paleontology should include among 
courses zoology, botany, comparat 
anatomy, embryology, evolution 

anthropology; a smattering of bact 


ology and archeology will do no han 
The paleontologist is usually most eo 


cerned with earth history, organic « 


lution and problems of stratigraphy, t 


last since it is from the stratified r 
that fossils are collected: while, « 


versely, the kinds of organic remains 


present are usually a clue to the co 


tions under which the enclosing strat 


originated. For such applications 
must know some chemistry and phys 


Geophysies enters his line of vision sir 

it is tied up with the great earth move- 
ments of the past and the development 
of earth structures and features throug 
the ages. The paleontologist as a stu 


dent of earth history meets the astr 


omer half-way in that their respectir 
investigations dovetail one another in : 


counting for the origin of the earth 
These are but two examples of 
type of geological and extra-geolog! 


studies a student in the field of ear’ 
science should pursue. It might be en 


phasized that no matter in what divis 


t le 


he may concentrate, there are at 
three essential non-scientific studies 
be added. First, he should be abl 
make a respectable, if not artistic 

hand sketch and know enough mec! 


eal drawing to teach him familiar! 
with the drawing board and instruments 


Second, a reading knowledge of for 
languages is not to be omitted from 
training. Witness the establish 
quirements of students who are ¢a! 
dates for the doctor’s degree in 
science. They must have at least a g 
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grounding in French and German. 
Spanish and Italian are no superficial 
additions to the list. Finally, and per- 
haps most essential of all three and ye 


probably the most neglected, is the abil- 


+ 


ity to prepare a written report in clear, 
concise, scientific English. 

So much for the training received by 
a geologist in his own and supplementary 
fields of study. What of the converse? 
Can a knowledge of geology be of value 
to those who chose other fields of inves- 
tigation, scientific or otherwise? Con- 
sider a few examples. 

What of the chemist? 
value to him to know the origin, occur- 
rence and economic value of t:any nat- 
urally oceurring substances with which 
he often works? Here opens the broad 
vista of geochemistry. The geophysicist 
must, for his highly specialized investi- 
gations, be trained in geology and 
physies. The economist better under- 
stands the distribution of raw products 
through a course in ecomonic geography. 
climatology explain 
how weather and climate influence 
business conditions. Nor can he afford 
to ignore the world’s leading regions 
of great mineral wealth, made known 
through economic Turn to 
the engineering profession. Of min- 
ing and metallurgy enough has already 
been said. What civil engineer dares 
be oblivious to bed-rock conditions when 
selecting a cite for a huge dam, in ex- 
cavating for a foundation, driving a tun- 
nel or sinking a shaft? His training in 
the strength of materials is certainly not 
hampered if he knows the mineral com- 
position and weather-resisting qualities 
of common building stones. The mili- 
tary engineer must apply geology. Its 
| value was emphasized only too clearly in 
France. An army needs potable water. 
Topography is one of the great consid- 
erations in a_ military operation. 
) Where, too, is the unit which, under fire 


Is it of any 


Meteorology and 


geology. 


or otherwis« ean dig nto s ! 
rock? <A knowledge of subsurface ¢ 

ditions is indispensable ning 1 
sapping. Furthermore, can the sui 
veyor do better than understand th 
origin and character of the rocks b 

neath and the physiographic history of 
the terraine which he maps? Then 
there is the historian. Here is one who 
studies the f ¢ w score centuries ¢ } Iman 
deve lopment. The historical geologist 
goes back millions of centuries. Wells’s 


treatment in ‘‘The Outline of History’”’ 


is an example which may be taken 
seriously by the all too superficial his 
torian. Let him learn of the pr 


historie development of man as a pre- 
lude te 


like , x historical ceoloev formes a? 
ike manner, historical geoiogy Trorms an 


understanding the historie. In 


excellent supplementary course for one 
working in social and political scienct 

and through physiography he interests 
environment and _ back- 
ground of man’s development and be- 
havior. Finally, what of the biologist? 
Let him keep in mind both the axiom, 


ha the 


himself in the 


‘*Know well the present e’er crossit 
threshold of the past,’’ and its equally 
true converse. The zoologist and bot- 
evolution, yet 


Train 


anist draw ‘‘trees’’ of 
see only the tips of the twigs 
them in paleontology, and figuratively 
and literally they will dig down to the 
roots, first exposing the twigs, then the 


small branches, next the larger limbs 
and finally the trunk itself. Paleontol- 
ogy is ‘‘the documentary evidence of 
Teach the student of bi- 


ology the lore of the fo sils, and his 


evolution. ”’ 
comparative anatomy, embryology and 
above all organic evolution will bear 
fruit a hundredfold more bountifully. 
Why study geology ? With the de- 
pletion of our larger deposits of mineral 
wealth, it is to the geologist that the 
world must turn to discover lesser but 
increasingly valuable sources of world 
without 


those commudities 


supply of 
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which our civilization can not hope to 
survive. Probably the geologist more 
than any other scientist secures the 
widest outlook on nature through studies 
in many fields. <A specialist in a branch 
of earth science, he is also something of 
a chemist, physicist, economist, biologist 
and engineer—in short is trained in 
general science. His work takes him to 
all sorts of out-of-the-way corners of the 
earth. He visits distant lands, sees un- 
usual sights and mingles with strange 
peoples. His work brings him into con- 
tact with men busied with other sciences. 
Conversely, specialists in other sciences, 
through a little geology, broaden their 
appreciation of their own fields. 
Through geology comes a linking to- 
gether of many subjects, a meeting of 
trained minds on a common ground. 
Geology becomes a clearing house for 
the exchange of ideas and _ scientific 
thought leading toward the solution of 
prob'ems of mutual interest. Further- 
more, its study helps eliminate some of 
those errors in any field all too often 
committed through ignorance of topics 
of common knowledge in another. 


As astronomy teaches of vast dis 
tances, so geology tells of ineonceiva! 
lapses of time. More than any ot 
scientist, the student of the composit 
and behavior of our earth appreciat 
the work of nature in forming and « 
veloping that world. The paleontol 
gist, trained in biology as well as a 
ogy and with a deep insight into org 
evolution, sees in the stream of 
man’s ‘‘long-continued, slow progres 
Lyell, shortly after 1859, began to : 


1 
} 


geological facts to the evidence gat] 


in support of organic evolution. Si 
then geology has taken a leading part 
proving and explaining the story of 

development of living forms. If tl! 
seventy-odd years have produced su 
results as now we see, what may wi 

pect from the future study of ro 

With these possibilities of coordinat 
of different 
scientists in related fields, discover 


sciences, cooperation 


economic products in mineral wi 

interpretation of the past and above 
the evolution plus a hint of the fut 
of the race, need the study of geo! 


lack recruits to its ranks? 


ANTIVIRUS VACCINES IN SURGERY 


By Dr. STEPHANE EPSTEIN? 


Ir is generally agreed that surgery 
has made enormous progress during the 
last fifty years. Operatory technique 
has itself, of course, made vast strides, 
and certain adjuncts, such as adre- 
nalin, allow a surgeon to operate with 
a precision and a rapidity that were 
formerly unknown. New instruments 
and the extended use of electricity be- 
yond mere motive power have indicated 
a new path for surgery. But the chief 
characteristic of modern surgery as 

1 Translated from the French by R. Vivé 
Bazely. 


compared with that of the first 
quarters of the last century is the ma 
diminution in deaths resulting 
operations. When one reads of 
manner in which patients formerly 
treated after an operation one asks « 
self how a single one could poss 
have escaped infection. Hospita 
was worse than any wound and a! 
eration was usually equivalent 
death sentence. Contamination 
conveyed by instruments, by the ! 
of the surgeon or his assistants, 
dressings, by the general surroundings 
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and lastly by the curative methods 
themselves. It is not so long ago that 
cobwebs were applied to cuts and urine 
to abscesses. 

The speeches and pamphlets in com- 
memoration of Lord Lister’s centenary 
give a terrible picture of 
following on operations. The average 
mortality was 40 to 50 per cent., and 
surgeons only operated when no other 


septicemia 


issue was possible, and in the ease of 
abscesses waited for them to burst rather 
than use the lancet. Lister changed all 
that, and his methods may be regarded 
as the first stage in the struggle against 
infection. Sir St. Clair Thompson has 
rightly remarked that the Lister process 
has saved more lives than the great mili- 
tary heroes of all ages have managed to 
destroy. 

From the moment when everything 
that touches a wound was disinfected 
and the deadly germs destroyed, post- 
operatory mortality fell to 3 per cent. 
and a rapid cure was assured. 

It was, however, observed that anti- 
septics applied to wounds killed not only 
pathogenic agents but even the living 
cells, with the result that were 
ugly and irregular. An effort, there- 
fore, was made to modify the system 
without abandoning the principles upon 
which antisepsis is based. It was argued 
that, if, instead of destroying the germs, 
they could be prevented from entering 
the wound during an operation, nature 
would do the rest. Sterilization re- 
placed disinfection and heat antisepties 
If operating theater, instruments, hands, 
dressings, the operating field itself were 
all sterilized, the bacilli that might be 
in the wound would lack a favorable 
ground and a cure would be brought 
about spontaneously. 

Here is then the second stage. The 
aseptic method has replaced the anti- 
septic and is supreme in all forms of in- 
fection. 


scars 





Both methods arise out of Pasteur’s 
discoveries which made Lister’s possible 
without the discovery of the prineiples 
of fermentation, sterilization would have 
remained in the fourth dimension 

But the 


and, 


healing was still 
Metehnikoff’s 


played by 


process of 
obscure, thanks to 
discovery of the role 
phagocytes in the struggle against deadly 
germs, the necessity of two methods in 
avoiding infection was perceived—direct 


destruction of micro-organisms causing 


necrosis of the living tissues and isola 
tion of the parts liable to infection in 
isel lly 


order to allow the phagocytes 


to perform their task The aseptic 
method only answers these requirements 
partially: specifie dressings seem to b 
the next 


aseptics in the struggle against infection 


stage after antiseptics and 


} 


In the majority of infected wounds 


‘ 


and even in a large number of diseases, 
we find that two microbes predominate, 
streptococel and staphylococci 

At first sight both appear peaceable, 
resembling little regularly formed mo 
tionless heaps which take the shape of 
clusters or chains and are easily colored 
But under this benign appearance they 
are disconcertingly active. The diseases 
which they occasion or in which they 
play the leading part are without num 
ber. They are to be found in boils, 
whitlows, otitis, acne, osteomyelitis (in 
flammation of the bone and bone mar 
row), in the skin complaints of infants 
(pyodermitis inflammations of the 


eyelid (blepharitis phlegmons, con 


junctivitis, mastitis, purulent pleurisy, 
puerperal fevers, ete., ete., and in most 
One can, 


I 


wounds and infected burns 
in fact, speak of two categories of dis 
ease, streptococcic and Sta] hvlococeie. 


the d 
role of streptococei and staphy loeoee] in 


Having ascertained ‘termining 


septicemia we had to find out whether 


there was a means of combating these 


two pathogenic agents in a specific man- 
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ner. We thought instinctively of 
serotherapy and curative vaccination, 
but immediately a serious obstacle arose ; 
in the case of laboratory animals hypo- 
dermie or intraperitoneal injections 
were found inoperative and it was dif- 
ficult to think of vaccination when ex- 
perimental infection was impossible. 
Nevertheless, human beings derived 
benefit occasionally from anti-strepto- 
eoccie and anti-staphylococcie immuniza- 
tion. The results were meager, varying 
and often deficient; still there were re- 
sults. 

Dr. Besredka, to whom we 
many magnificent discoveries, studied 
systematically the problem of staphylo- 
cocci and streptococci. In examining 
the mechanism of infection and immu- 
nity he noticed that in certain microbial 
affections the entire organism partici- 
pates in the defense of the integrity of 
our ‘‘self’’; in others immunity is a 
local phenomenon, that is to say that cer- 
tain tissues have a special predilection 
for certain microbes, and if there is no 
contact between the elective tissue and 
the microbe, the latter can neither multi- 
ply nor elaborate its toxins. 

Dr. Besredka asked himself at this 
juncture whether there was not a rela- 
tionship between streptococci, staphylo- 
cocci and bacteridia, that is to say that 
an important réle must be assigned to 
the epidermis in the mechanism of infec- 
tion, and at first sight this seemed little 
likely. 

There is no organ or tissue which does 
not offer a wide hospitality to strepto- 
cocci and staphylococci. Lungs, pleura, 
joints, kidneys and the bone marrow are 
amply supplied with them in the event 
of numerous ailments. But even in a 
state of perfect health we harbor quanti- 
ties on the surface of the skin, around 
the hair and in the ocular, nasal, ton- 
sillar and buccal mucosities. They live 
on us and with us as inoffensive and 
peaceable parasites. But their appear- 


owe so 
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ance is deceptive; they are on the watch 
for the slightest infraction, the smallest 
break of continuity, the most insignifi- 
eant entry through our protecting 
teguments of skin and 
slight traumatism, an intercurrent 
fection, an inferior state of defense, and 
the streptocoeci and staphylococci rush 
in by the breach, causing carbuncles and 
anthrax which degenerate into lym- 
phangitis, adenitis and phlegmons, and 
may even be the cause of osteomyelitis, 
endocarditis, purulent pleurisy. Carried 
through the lymphatic ducts they make 
an onslaught on the phagocytes. If they 
are overcome and digested, a mild and 
temporary affection ensues. But if the 
streptococci and staphylococci gain the 
victory, they rapidly attack the general 
system, penetrating the organs and pro- 
the above-mentioned 
Once established, these undesirable 
guests are dislodged with difficulty. 
Sometimes they remain dormant and 
there is nothing to indicate their pres- 
ence. But their slumber is light and 
the slightest change in the general state 
of health is sufficient to arouse their ac 
tivities. 

From the foregoing it is seen that th 
skin is the tissue affected by streptococci 
and staphylococci, and that it is a ques- 
tion of rendering them innocuous in 
their very abode and even of pursuing 
them along the lymphatic ducts. 

The Pasteur school quite naturally 
looked primarily to serotherapy and 
yaccinotherapy in introducing into the 
affected organism either a serum con- 
taining elements capable of destroying 
the pathogenic agents or a vaccine which 
would allow the cells to defend them- 
selves against the microbial invasion 
But the theory of local immunity did 
not then exist. In consequence serums 
and vaccines were simply injected ac- 
cording to the habitual method. The re- 
sults of serotherapy as practiced on 
laboratory animals were plainly negative. 
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It was suggested as an explanation that 
rabbits are incapable of sufficient re- 
sistance. This, however, could not be 
said of human beings, who notwith- 
standing did not derive any more bene- 
fit from anti-staphylococcie and anti- 
streptococcic serotherapy; after the in- 
troduction of the serum into a blood 
channel, there was not the smallest trace 
In conformity with the 
(one of 


of ‘‘antibody.”’ 
doctrine of Almroth Wright 
Pasteur’s most remarkable pupils, who 
believed that the intramuscular chan- 
nel was superior to the subcutaneous 
and the intravenous to the intramuscu- 
lar), serums were abandoned and anti- 
streptocoecie and anti-staphylococcic 
vaceines were injected into the veins. 
The result once more was negative. 

What was the explanation, however, 
of the fact that the injection when made 
in the muscles produced a slight effect, 
was more pronounced when subcutaneous 
and only attained its full form when it 
did not penetrate the epidermis? 

Contrary to Wright’s theory, the more 
one kept to the surface the greater the 
effect of the vaccine, and the deeper one 
went, the less it became, until the dimin- 
ishing point was reached when the in- 
jection was made in the vein. 

If one admits, however, that the 
epidermis is the organ of predilection of 
streptococci and staphylococci, one finds 
an explanation for the above-mentioned 
phenomena, and one understands at the 
same time that the reason why subcuta- 
neous punctures failed to produce any 
effect was that it is almost impossible not 
to penetrate the skin, and because the 
puncture produced a channel forming a 
connection between the epidermis and 
the spot where the syringe had deposited 
the vaccine. By making the tiniest 
punctures, almost a scarification such 
as is practiced in anti-smallpox vaccina- 
tion, one gives the vaccine its maximum 
efficacy. A rabbit treated in this man- 
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ner was able twenty-four hours later to 


‘tion of 
not 


intra- 


support with impunity an inje 


living microbes, whereas others. 


vaccinated or vaccinated with 
muscular or intravenous injections, sick- 
ened and died if the dose was sufficiently 
thus 


streptococcic or 


strong. In an animal vaccinated 
and refractory to 
staphylococcie infection no ‘‘antibody”’ 
was observed. 

This strange phenomenon led on in- 
evitably to the question whether in the 
case in point it is really the microbial 
body that vaccinates or something else 
of which it is simply the vehicle. The 
problem became still more disquieting 
when it was seen that there is no need 
tu inject the vaccine; a simple bandage 
applied to the stomach after depilation 
or shaving immunize 
the animal. 

With this idea in view a new experi- 
ment attempted. A _ rabbit 
vaccinated without the help of any mi- 
erobial bodies by the simple application 
of their soluble products, in other words, 
juice. When we prepare an apple jelly, 
we reject skin, pulp, pips, in fact, every- 
thing that is not soluble. We proceed 
in exactly the same way with our strepto- 
eoeci and staphylococci. We allow our 
culture to stand for eight to ten days in 
order to the microbes, after 
which we strain it through a filter which 
retains the microbial corpses, and lastly 
we heat the juice, or scientifically speak- 
ing the filtrate, during half an hour at 
100° C. We obtain in this manner a 
clear yellowish liquid, absolutely atoxic 


was sufficient to 


was was 


disgorge 


and possessing remarkable vaccinatory 
qualities. And yet the filtrate we have 
obtained does not differ outwardly from 
any other cultural broth. In fact, if 
we were to place in our filtrate the bacilli 
of typhoid, cholera, dysentery, ague or 
any other cultivable microbe, they would 
flourish extremely well. The contrary 
would be the case if we introduced 
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streptococci or staphylococci. In an en- 
vironment from which nevertheless they 
issued, these germs remained sterile. 
Just as the minotaur devoured its own 
children, so this culture nourishes all 
but its own progeny. A bandage soaked 
in a streptococci or staphylococci filtrate 
and placed on the freshly shaved stom- 
ach of a rabbit renders it at the end of 
twenty-four refractory to all 
streptococci or staphylococci. In order 
to explain the properties of this filtrate 
one must that together with 
the virulent substance fixed solidly on 
the microbial body, there is another sub- 
stance, an antivirus, which becomes de- 
tached from the streptococcus if one al- 
lows it to mature. But whereas the virus 
is destroyed by heat, the antivirus is 
resisting a temperature 


The 


hours 


sup pose 


‘*thermostable,’’ 
not exceeding 100° C. 
thus perfectly clear. By allowing the 
cultures to mature we detach all the 
soluble products which mingle with the 
environment; by filtration we eliminate 
the insoluble elements and finally by the 
application of heat we destroy the viru- 
lent elements, leaving a substance of 
antivirus. And as we have seen that 
the liquid thus obtained prevents the 
development of the microbe of which it 
is the issue, its action appears entirely 
logical. Applied to aa infected area, 
the antivirus isolates the focus, as in a 
fire, with an impenetrable rampart; the 
surroundings are effectively protected 
and the firemen or arch 
enemies of microbes, easily overcome the 
bacilli thus deprived of all nourishment 
and means of development. It is im- 
portant to see that the bandages extend 
beyond the infected area. If in the case 
of a rabbit we restrict the application 
to a certain spot we vaccinate that and 
nothing more. On the other hand, by 
enveloping it in bandages soaked in 
antivirus we attain the lymphatic ducts 


process 1S 


phagocytes, 


and the entire body is protected. W; 
see, therefore, how a purely local p: 
tection can be converted into 
immunization. Practical application of 
this observance has given excellent r 
sults in earbuncular troubles which hay 
a tendency to recur in the same plac 
By covering as large an area as possi 


rene! 


with an antivirus dressing we suce: 
in vaccinating organs or entire regions 
and in avoiding a relapse over a peri 
of several months. It is of the greatest 
importance to be perfectly certain of 
the identity of the microbe before usi: 
the antivirus, otherwise the bandage w 
do as much harm as it should do go 
Thus, for example, if we use a staph 
eoecic instead of a streptococcic anti- 
virus, not only will there be no curat 
action but on the contrary a devel 
ment of the pathogenic agent. Inst: 
of isolating the fire, we shall be feeding 
it: instead of extinguishing the flan 
with water, we shall be adding oxyg 
to them. 


These laboratory experiments ha 
been confirmed by clinical practi 
The rapidity with which infect 


wounds ‘‘clean up,’’ the rapid dis: 
pearance of suppuration, the steady 
in temperature and the certainty o! 
cure are often amazing. 

The characteristic of 
specific instillations is the speedy dis 
appearance of pain that not even m 
phia ean relieve. We have had under 
observation an aural earbuncle of 1 
mal size which was exceptionally pa 
ful: ten minutes after the applicat 
of an antivirus the patient only exper 
enced a certain itching and at the « 
of an hour we were able to examine 1 
ear without causing the slightest disco! 
fort. A complete cure was effected 
six days. 

On another occasion we examin 
earbuncle on the calf of the leg that 
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so deep that the practitioner diagnosed 
it as osteomyelitis. 

Forty-eight hours after an applica- 
tion of an antivirus there was no more 
suppuration, and the wound, now clean 
and healthy, began to close. 

A different case was that of a patient 
who had suffered for eight years from 


chronic conjunctivitis; he had _ seen 
many ophthalmie surgeons and their 
prescriptions filled a small volume. The 


secretions revealed on analysis the pres- 
ence of staphylococci. We instilled two 
grams of antivirus into the lacrymal 
eavity. After five days’ treatment the 
secretions became sterile and a cure fol- 
lowed five days later. We kept the 
patient under observation during five 
months without noticing the slightest 
relapse. 

But it is in cases of puerperal affec- 
tions that these specific dressings have 
saved hundreds of lives. One knows in 
these maladies how painful, precarious 
and wellnigh useless surgical in- 
terventions. The treatment 
of puerperal complaints has an enor- 
mous advantage in being preventive. In 
the event of a difficult or even normal 
confinement being followed by a sus- 
picious rise in temperature a bandage 
is immediately applied; yards of steri- 
lized gauze, soaked in antivirus prepared 
from streptocoeci obtained from the 
patient, fill up all the infected cavities, 
and it is extremely rare that on the 
fourth day the temperature has not fal- 
len to normal. 

Dr. Levy-Solal, of the Maternity Hos- 
pital of St.-Antoine, has employed this 
method in current practice; and wher- 
ever it has been used in time there has 
not been a single failure. 


are 
antivirus 
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Antivirus vaccines are beginning to 


find their way into surgery 


The sterilization of operating area, 
instruments and bandages, the most 
scrupulous washing of hands are often 


insufficient to the intrusion of 
germs from a direction far removes 
the patient. But if, after sterilization, 
hands, instruments, bandages, the oper 
ating field itself as well as its surround 


saturated 


prevent 


Irom 


ings are washed or with the 
antivirus, the undesirable germs become 
innocuous, and septicemia is avoided, 
thus insuring a rapid recovery 

In addition to purely local applica 
tions the antivirus treatment has been 
found efficacious in deep-seated strepto 
coccie and staphylococcic affections 
Intrapleural and even intravenous in 
jections have given unexpected results 
in the treatment of pleuritic complaints, 
endocarditis and pleurisy. 

So far antivirus has only been used 
in streptococcic and staphylococcie af- 
feetions. Nevertheless, vaccine-cultures 
are now being prepared from other mi 
crobes such as colon bacilli, B. pyo 
cyaneus, ete. 

Certain German bacteriologists go so 
far as to attest that immunity 


typhoid fever can be secured by simply 


trom 


applying compresses. 
But the day that we find the means 
of procuring the antivirus of all mi- 


erobes, we shall enter a domain ol 
boundless possibilities. 
And the day is not far off 


when we shall 


nearer, 
perhaps, than we think- 
be able to filtrate the Koch bacillus, and 
thereby heal tuberculous sores with the 
same rapidity and certainty with which 
we now heal st reptococeic and Staph) lo 


cocele septicemia. 











EUROPE AND THE POWER MAP 


By Professor W. O. BLANCHARD 


UNIVERSITY OF ILLINOIS 


EUROPE, THE INDUSTRIAL 
CONTINENT 

MopERN industry originated in Eu- 
rope and that continent remains to-day 
the world’s greatest workshop. This 
statement is true whether the ranking 
be based upon the value of the output 
or upon the proportion of the working 
population so employed. Even among 
individual nations, not continents, while 
the value of the output of the manufac- 
tures by the United States is larger than 
that of any other country, there is no 
part of the world where people are so 
dependent upon industry for a liveli- 
hood as in the countries of northwest- 
ern Europe. 

Various factors are responsible for 
this supremacy of European industry. 
One of the most important is the posses- 
sion of vast quantities of mechanical 
energy. Cheap power is as fundamental 
in modern manufacturing as were the 
skilled artisans in the old handicraft 
days. Of the power resources which 
motivate world industry only three are 
of importance—coal, water-power and 
petroleum. Of the world production 
of these in 1927, Europe accounted for 
49 per cent. of the coal, 46.7 per cent. of 
the water-power and 8.4 per cent. of the 
petroleum—figures of great significance 
considering that that continent contains 
only about 7 per cent. of the land area 
and 30 per cent. of the population of 
the world. 


EVALUATION OF POWER 
RESOURCES 
In attempting to evaluate the im- 
portance of these various energy sup- 
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plies one is confronted with a puzzling 
variety of units used in their measur 
ment. Obviously ‘‘barrels’’ of | 
troleum can not be directly compar 
with ‘‘horse-power’’ of waterfalls 
with ‘‘tons’’ of coal produced. Sir 
‘*tons’’ of coal are the most familiar 
would be convenient to express t! 
quantity of petroleum or the number oi 
horse-power developed in terms of t] 
amount of coal which, when burned 
would deliver an equivalent amount 
power. 

On the average it has been estimated 
that 5.4 short tons of bituminous coal o1 
2.68 barrels of petroleum’ consumed 
the average power plant will deliver 
horse-power for a year. Likewise a t 
of lignite is considered to be equivalent 
to 2/9 of a ton of bituminous coa 
Using these conversion factors and a} 
plying them to the production of coa 
water-power and petroleum, it becomes 
possible to view the various parts of t 
world in true perspective from t! 
standpoint of their power production. 

Table I, showing the production 0! 
power in terms of coal of the various 
continents in 1927, indicates the don 
nant position of North America 
Europe. These two account for ab 
90 per cent. of the world total. T! 
United States alone produces almost on 
half (48.5 per cent.) and Europe con- 
tributes about two fifths (41.8 per cent 
of the whole. 

In Fig. 1 we have the 
plotted on the basis of the character 
the energy produced rather than 
regional distribution. This shows 

1U. 8. D. C. Yearbook, 1926, Vol. I, p. 262. 
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Albania 
Austria 


Belgium 


Bulgaria 
Czechoslovakia 
Denmark 
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Uf rmany 
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all-important réle played by coal. It is 
responsible for 75 per cent. of all power, 
while petroleum and water-power con- 
tribute 19 per cent. and 16 per cent. 


respectively. 


the much-advertised water-power | 
Switzerland. The coal of Spitzberg 
widely heralded as solving the fu 


problem of Norway actually contributes 
but 5 per cent. of the latter’s power. It 
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Water Power 














Fic. 2. 


Fig. 2 shows the power distribution in 
1925-26? for the countries of Europe. 
The dominant position of the great coal- 
producing countries—Great Britain, 
Germany and _  France—is | striking. 
These three countries comprise only one 
eighth of the area but account for almost 
two thirds of the total power and two 
thirds of the total manufactures of all 
Europe. In general it will be noted that 
the zone of large power production runs 
through central Europe from England 
to Russia—the belt in which coal pro- 
vides the motivating force. Flanking 
this coal zone on the north, is Seandi- 
navia, on the south, the Mediterranean 
countries, both regions of minor impor- 
tance and relying chiefly upon water- 
power. In only one country of Europe 
—Roumania—is petroleum the most 
important energy resource. In Europe 
as in the world as a whole it is largely 
coal which motivates industry. 

The map and the data upon which it 
is constructed furnish a basis for further 
interesting comparisons which may serve 
to correct false notions. Thus the coal 
and lignite output of the Netherlands 
of which the world hears little are shown 
to approximate in present importance 

2 Data for 1926 were used where available ex- 
cept for Great Britain where the coal strike 
made that year abnormal. 


Based upon data from U. 8. D. C 


WORLD PRODUCTION OF POWER IN TERMS OF COAL IN 1927 ARRANGED BY SOURCES. 


is interesting to note that even wit 
the ‘‘water-power belt’’ such count: 
as Spain, Jugoslavia and Austria, w! 
waterfalls are commonly considered 
practically the chief reliance, actu 
depend for about one half of their pow 
upon their coal mines. 

Reduced to a per capita basis 
power map presents a marked cont: 
to Fig. 2. Viewed thus (in Fig. 
Norway ranks second only to the Unit 
Kingdom; Belgium is slightly larg 
than Germany and Switzerland exce 
Franee. In general the mountain 
countries, rich in water-power resou! 
but with sparse populations, show 
large per capita output. Russia wit 
its large population but retarded pow 
development is reduced to insignifir 
proportions. 

The power map is of course not 
accurate index of industrialization si 
it represents output, not consumption « 
power. England and Germany ex} 
much power as coal, Norway a 
Switzerland considerable quantities 
electric current. On the other ha 
Italy imports more power as coal tl 
she produces from her harnessed wat 

3 The per capita consumption of fuel for ! 
and power in England, which leads all Europ¢ 
countries, is about 4.5 tons; in the Unit 
States it is approximately 8 tons. 
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On the whole, however, the domi- 


falls. 

unt position of coal in the power world 
ind the high cost of its transport gives 
the countries producing it a tremendous 


.dvantage in international markets for 
manutactures. 

It may be contended that since the 
original supply of coal is definitely lim- 
ited while water-power is permanent 
that the coal countries have the advan- 
tage only temporarily. However, for 
the chief coal-producers the reserves are 
so large and their power production is 
so far in the lead that there can be little 
fear of their losing their place for many 
years to come. This is especially true in 
view of the marked improvement in 
efficiency of coal consumption and the 


superior adaptability of that fuel for 





AND THE 


POWER MAP 


industries requiring much heat, such as 
smelting. 

On the other hand, it is 
note the rapid increase in r 
portance of both water-power and petro 


leum in the 


interesting to 


lative im 


» power world during the past 


few years. The petroleum output in 
1927 was nearly two and a half times 
that of 1913, while water-power devel 
opment has inereased by almost ha 


since 1920. The United States, Canada 
and Europe have been very active in 
on development but Euro 


pean activity, at a high level during and 


just after id war, has slowed down. 
The eost of water-power installation is 
high and with the necessity for exploi- 


tation of less favorable sites it is bow 


to become higher. War impoverishment 
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conditions 
eoal. The 


age of 


and dearth of capital are 
better suited to the use of 
‘‘agve of white coal’’ and the 
oil’’ of which so much is heard are not 
with us yet. All of the water-power of 
the world developed to date (about 3 
per cent. of the total potential) is re- 


sé 


116 


placeable by only about mil] 
short tons of coal, a little more than t 
yearly output of the state of West V 
ginia, while all the world’s petrol 
production is equivalent to the com! 
coal output of but two states—W 
Virginia and Pennsylvania. 
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THE MOUNTAINOUS COUNTRIES SUITED FOR LARGE WATER-POWER PRODUCTION BI 


UNSUITED FOR DENSE POPULATION SHOW A LARGE PER CAPITA POWER OUTPUT. 
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FAMILY AND CONJUGAL AFFECTION AS A 
FACTOR IN HUMAN EVOLUTION 


By RALPH E. DANFORTH 
CHESTERFIELD, MASS. 


Ir is surprising to see how many in- 
telligent people have the impression that 
the eugenics program slights the value 
of love in family ties. Doubtless there 
are eugenists who have not thought 
much about the roéle of affection, but I 


imagine that the cause of this popular 


misconception may be due to the fact 
that the average writer or speaker on 
eugenics takes the importance of love so 
much for granted that he either omits 
to mention it or passes it over with a few 
words, such as: ‘‘Of course, conjugal 
love is only strengthened and made more 
permanent by judicious selection of 
mates worthy of parenthood and gen- 
eral high esteem.”’ 

On the other hand, the public is 
proverbially suspicious of new truths, 
and smells taints and dangers in discov- 
eries of the soundest worth. To this all 
history attests. 

Eugenies comes in for its full share 
of the public suspicion, and perhaps the 
commonest complaint is that it would do 
away with all love. 

An objection often raised is that we 
should leave all matters concerning the 
heredity of coming generations to God, 

i that he is taking care of that, and we 
need not think about it. This second 
objection I hope also to treat, though 
briefly, before closing this paper. 
Zoologists have long studied the many 
interesting cases of parental care and 
jaffection shown by many species of ani- 
jmals, high or low. Many birds mate for 
life; many keep within sight or hearing 
of the mate year in and year out. Our 
wn class, the mammals, universally care 
for the young for a while, although 
mmany species have but fleeting affection 


ome 


eran 


We need not add that 
some human mammals have been known 


for their mates. 
to suffer this same lack. Even among 
the lower or cold-blooded 
remarkable cases of parental care for 


vertebrates 


the young are not infrequent among the 


amphibians and fishes. Insects and 


other invertebrates exhibit some strik- 
ing examples of parental solicitude. 
All such cases—and particularly in the 


higher vertebrates and man, care, affec- 
tion and 
admitted by scientists to have a very 
important bearing on the evolution of 
the species, giving it certain advantages 
not possessed by species or individuals 


love, where such exist—are 


not exhibiting such care, affection or love. 

We may safely conclude that the 
higher love for mates, for children and 
for family which 
monly in the human species has been an 
important factor in our attaining our 
present superiority. Instinctively also 
we estimate the relative superiority of 
people not only by their intelligence but 
also by their superior endowments in 
affection and in kindness. 
is coming more and more, as history 


we find quite com- 


Unselfish love 


advances, to be esteemed a supreme gift. 

Family and conjugal affection, having 
done much to bring us to our present 
stage in our racial and our family evo- 
lution, will be needed even more in 
future generations to bring us toward 
that perfection for which we earnestly 
aspire. 

In dealing with a subject like evolu- 
tion we can not too often remind our- 
selves that however interesting our evo- 
lution in the past may have been, it is 
our evolution in the present and future 
which most vitally coneerns us. Our 
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interest in this should be a hundred- 
fold greater than in that which has gone 
before and is now only a record of what 
is done and finished for all time. His- 
tory is interesting and is also a useful 
source of many suggestions for practical 
use in the present and future, but what 
we are now achieving and what we are 
preparing to achieve and to become are 
worthy of our intensest application. 

No thoughtful person considers the 
human race at all complete or perfect 
in its present state. Our conception of 
an all-wise God would be compromised 
if we thought he had finished his crea- 
tion of man, knowing, as we do, how 
imperfect mentally even the smartest 
and best of people are. Physically and 
morally also the race needs improve- 
ment, while spiritually the room for 
growth is infinite. 

God’s creation of man is still in 
process. 

Many are the factors being used in 
the process of building up man into the 
being he should be. Intelligence, com- 
mon sense, discretion, language, ambi- 
tion, hope, purpose are a few of these 
factors. Family and conjugal affection 
is one of the essential factors without 
which human evolution can not con- 
tinue in an upward direction. 

Real, true, abiding love for one’s mate 
is absolutely essential for the happiness 
of the family and the welfare of society. 
This quality of deep, enduring love 
should be assiduously sought after in 
selecting a mate. Without this love 
there should be no marriage. An inex- 
pressible, deep and beautiful love should 
grace every matrimonial union. To 
produce a race devoid of these priceless 
traits would be a eugenic calamity, an 
evolution backward. These facts should 
be more clearly emphasized by eugenists 
than they have been hitherto, if we 
would allay ignorant opposition on the 
part of the well-meaning public. True 


love, so far from being foreign to 
program of eugenics, is one of the m 
vital factors in human evolution 


will be increasingly so as the race rises 


to higher and yet higher levels. 
True love and the eugenie selection 


a mate, so far from being antagonists 


are the strongest of allies. Nothi 
could be more absurd than the thoug 
that the use of a little discretion 
common sense in the selection of on 
whom one will be inseparably bound 
life is a killer of love. 

For the love of a thoughtful 
capable person to endure and to de 
with time there must be worthy qu 
ties in the one loved, qualities wh 
appeal not only to his love but also 
his respect and admiration. He or s 
will, sooner or later, find love giving w 
to chagrin when there comes the rea! 
tion of a general lack of worthy qu 
ties on the part of the mate. The b 
way to forestall this falling off of 


is to make sure that the mate is in eve! 


way worthy of the deep love bestow 
The best guarantee that love will g: 
deeper with time, throughout 01 
wedded life, is a judicious exercis: 
care as to whom one should marry. 
say that this is a joy killer, a stifle: 
love, is farthest from the fact. 
Many who are inclined to look aska 
at scientific innovations readily 
their faith on time-honored popu 
mottoes. One of the truest popu 
mottoes is, ‘‘ Marry in haste to repent 
leisure.’’ In this the ‘‘haste’’ r 
not so much to speed as to lack 
thought and discretion. One ean ha: 
marry too quickly when sure all is rig 
For the unscientific type of mind 
motto furnishes an excellent wor! 
basis for eugenics. This repenting 
leisure is most hostile to true 
Those who have thought eugenics 
love-killer had better open their 
and their hearts to eugenics as on 
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most fundamental allies. Enu- 


love’s 
genics is the making sure that one is 


worthy of being loved. Engenies ascer- 
tains, as far as possible, beforehand that 
there are qualities making for the per- 
manence and increase of love. Eugenics 
discourages loveless matches, which are 
made far too often by the unscientific 
for material or sensuous or selfish mo- 
tives, and would encourage and insist 
that there should be true love and real 
merit deeply rooted in both of the con- 
tracting parties. 

Eugenics is, in part, a sincere effort 
to ascertain what good qualities are in 
an individual. In studying the individ- 
ual person its methods are twofold. It 
finds out the real worth of the person 
by studying the person. To this study 
of the person himself it adds the study 
of the performance record of his parents 
and grandparents, and, when possible, 
of his great-grandparents, not so much 
to see if there was any evil in them as 
to find out how much good was in them 
as registered by their achievements. 
We expect to find some worthless or 
medioere ancestors in every such search, 
for there are, as yet, no families so well- 
weeded as to be without them. But we 
have a right to expect that a truly 
worthy person should have a goodly 
proportion of ancestors who have 
achieved useful deeds, lived nobly and 
served their community unselfishly. 
Eugenies wishes to prove that the indi- 
vidual person possesses physical, intel- 
lectual and moral traits which are both 
excellent and capable of being trans- 
mitted by heredity to the generations 
yet to come. The finding of some flaw 
or imperfection in the ancest ry need not 
kill all love, as some would fear, but the 
superabundance of foolishness or selfish- 
ness of the ancestry, or too large a pro- 
portion of such undesirable ancestors 
might rightly prejudice one against his 
budding affection. On the other hand 
the finding of a goodly proportion of 


excellent, intelligent, healthy ancestors 


of the loved one would rightly enhance 
the love, confirming the personal judg 
ment of the merits of the 
One could then love more ardently than 
ever and feel pretty confident that as 
time will regret the 


loved one. 


passes one never 
choice. 
Eugenics then may fittingly be calle 


The higher 


we rise, as a race or as a family, the 


the handmaid of true love. 


more intelligence is required in our 
everyday life, in our business, in our 
eating and in our exercise. Increas 
ingly more intelligence will also be r 
quired in our choice of lovers. This is 
only in keeping with the required in- 
crease of intelligence in other 


department of our life. 


every 


Love and affection are the most beau 
tiful elements in all the universal range 
of beauty. Sordid 
would be the life 
disgeneri¢c individual 


and low 
A most 
who 


indeed 

without love. 
would he be 
had no appreciation for love of the 
truest and deepest Such 
would be among the first to discard in 
our Among the 
qualities one health, 
beauty, intelligence, power to succeed, 


sort. people 


eugenic selections. 
would seek are 
honesty, cheerfulness, tact, faithfulness, 
love, in rising 
These qualities should be 
sented in the individual loved and also 
found in a good majority of his or her 


scale of importance. 


well repre- 


ancestors. 

As the future generations pass, under 
the eugenic plan, one could insist upon 
increasing excellence of ancestry, be- 
cause the eugenie selection would grad- 
ually and steadily reduce the inferior 
ancestrai minority and 
superior ancestral majority. 


increase the 
The qual- 
ity of each sueceeding generation born 
into the world would improve, although 
for some time to come some black sheep 
would oceasionally recur. Many semi- 
black sheep or only moderately desir- 


able persons would recur, but in time 
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even these would tend to give place to 
the truly superior individuals. These 
should become ever healthier, brighter 
and more loving as the centuries roll on. 

I hope that the reader can see clearly 
that the exercise of wisdom and vision 
in selecting lover and mate is an aid, not 
a hindrance, to true The other 
objection often raised, that we should 
leave all such considerations to God to 
take care of for us, is not in line with 
our intelligent Christian living in any 
of the other departments of our life. 
We do not leave entirely to God the pro- 
vision of our food and all its prepara- 
tion for the table; we do not expect Him 
to fit and sew our clothes and then dress 


love. 


us each morning; we do not ask Him to 
run our business without any thought or 
cooperation on our part, or our profes- 
We take it for 
granted that He gave us brains and 
hands to use rather than for purely 
ornamental purposes. Our brains cer- 
tainly are not ornamental. We do not 
leave all our courting and love-making 
to God. If we lay all the results and 
consequences of our courting and love- 
making to God, in order to be consistent 
we should also let Him attend to the 
courting for us, with no cooperation 
whatever on our part. Now the true 
Christian believes that God is truly in- 
terested in the success of his life, his 
business and his family and that God 
expects him to do his part to make all 
these a success, to use hand and head 
and heart to bring about this success. 
The use of at least the same amount of 
intelligence and forethought in courting 
as in the less important branches of 
activity is demanded by common sense 
and by love alike. We have no right te 
blame God for the fools born into the 
world if we make fools of ourselves at 
the very fountain of life. The Creator 
is wonderfully patient, but perhaps 
there is a limit to His patience even in 
His great plan for the uplift of the 
human race. 


sions or our homes. 


In the title of this article I purpose}, 


link together family and conjugal af 
tion as one entity. One capable of 1 
loftiest love of mate will also have d 
love of family. Far too many pe 

are deficient in the true, abiding love 

mate and for family. Family is m 
than father, mother and children; it 
clan. This includes a group of relat 


families, with an extensive ancest 


reaching back into the past, and an e: 


tensive reaching forward 
generations to come. There should 
more love and loyalty to mate and 
family. Family is like a great riy 
made up of numerous streams of n 
gling waters. When one selects a m 
unwisely one not only dishonors or 
own personal family, but one dilu 
the greater family stream or may ev 
thus pollute it. One thus dishonors t1 
love and dishonors the family. 

One belonging to an_ intrinsic: 
noble family, whether it be ranked wit 
the ‘‘nobility’’ or not, honors and ma 


progeny 


more noble that family by every wis 


choice of superior blood and brain 
heart and soul. 

Family and conjugal affection is 
of the greatest factors in the futu 
evolution of man. 

In this wonderful age of scienc 
which it is our privilege to live, each d 
brings forth new wonders, life becon 
richer by each discovery and inventi 
methods change and our outlook w 
life and the world changes with t! 
These all go to make up part of wl 
we call our ‘‘civilization,’’ but they 
not change our real selves. It is co! 
eeivable that civilization might advar 
while we were retrogressing. But 
our innovations and new knowledge m 
be used to beautify the world we liv: 
and make it more healthful and pu: 
May we so live and so love that 
species and the environment may bo! 
improve together. So far at least 
our own family is concerned let us ! 
and toil for its upbuilding. 
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A MILLION YEARS OF EVOLUTION 
IN TOOLS 


By MILDRED FAIRCHILD and Dr. HORNELL HART 


BRYN MAWR 


the attempt to measure past 


IN 
changes in human culture the longest 
and most complete series of data avail- 
able consists in the tools with which man 


has eut and shaped his materials. This 
series extends in unbroken line over im- 
mense stretches of time. Flints chipped 
by human hands into crude cutting 
blades have recently been shown to be- 
long to geological strata laid down in 
England about 1,300,000 B. C. Be- 
tween these oldest of man-made blades 
and the most modern cutting devices of 
Pittsburgh machine shops there is avail- 
able a practically unbroken series of cut- 
ting tools, dated with sufficient accuracy 
to permit an objective analysis of the 
relative rates of progress in their ef- 
ficiency at various points in this tre- 
mendous sweep of time. 

That progress in cutting tools has been 
going forward at an accelerating rate 
is evident from a series of blades repre- 
senting the various cultural epochs. 
Fig. 1 offers sketches of artifacts for 
such a series. Beginning at the lower 
left-hand corner, and reading up, we 
have in the first column four cutting 
blades representing the development of 
man’s facilities for cutting and shap- 
ing materials during the nine hundred 
thousand years roughly from 1,300,000 
to 400,000 B. C. The lowest of the four 
is a sub-Red Crag rostrocarinate flint 
from Bramford, England. Such flints 
belong to the Eolithic, or ‘‘Dawn-Stone’’ 
Age. Also included among Ebolithic 
flints (though not represented in this 
chart) are the types found at Foxhall, 

1 Henry Fairfield Osborn, ‘‘ Man Rises to Par- 
nassus,’’ pp. 23-5, 1928. 
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COLLEGE 


England, dating perhaps one hundred 
thousand years later than the sub-Red 
Still later, 
to the preglacial Eolithie level, came the 
flints with the the 
found at Piltdown, En- 


Crag. though belonging also 


associated skull of 
‘“*Dawn Man’”’ 
gland. 


The second drawing from the bottom 


in the left-hand column of Fig. 1 rep- 
resents a specimen of the giant flints 
found at Cromer, England, in strata 
contemporaneous with the first glacia- 


tion, between 900,000 and 800,000 B. C. 
At about 700,000 B. C., in what 
France, occurred a culture level not rep- 
resented in the chart, known pre- 
Chellean. The third flint in the chart 
is a Chellean tool. 

If the Chellean, pre-Chellean, Crome- 
rian, Piltdown, Foxhallian and sub-Red 
Crag flints were shuffled and presented 


is now 


as 


to the reader, it would require the clos- 
est study for him to determine which of 
them came first, so slow was progress 
in cutting tools during the seven hun- 
dred thousand years which they repre- 
sent. The Acheulean and Mousterian, 
however, begin to take shape in a way 
which puts them at once, even for the 
layman, above the ecruder fiints which 
preceded them. 

Upper Paleolithic, comprising Auri- 


gnacian, Solutrean and Magdalenian 
cultures, was the time of the Cro- 


Magnon race. Solutrean tools are rep- 
resented in the chart by the beautiful 
‘‘laurel leaf’’ type of blade. The 
Magdalenian is represented by a flint 
knife which, instead of being elaborately 
chipped out like its predecessors, was 
struck off at one blow with little or no 
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CHELLBAN--About 600,000 B.C. 
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MAG DALENIAN--About 16,000 B.C. 





MOUSTERIAN --About 200,000 B. ©- 
200,000 YEARS OF PROGRESS 





MACHINE AGE--About 1915 A.0 


—— 


BRONZZ--About 2000 B.c. 


10,000 YEARS OF PROGRESS 





FIG. 1. ONE AND ONE THIRD MILLION YEARS OF EVOLUTION IN CUTTIN 
BLADES. 


retouching, in a highly skilful and time- 
saving way. 

The Mesolithic, or Middle Stone Age, 
includes a variety of cultures. Its rep- 
resentative in the chart is a stone axe- 
head from Campigny, France. The dis- 
tinctive feature of this cutting tool is 
that the edge is partly ground down to 
sharpness instead of being merely 
chipped out. The Neolithic specimen 
sarries this development to its logical 
conclusion and has a completely ground 
and polished stone axe-head. Leaping 
over the Copper Age, and many inter- 
vening steps in that and the Bronze 
Age, the next specimen is a socketed 
bronze celt. Leaping again over the 
Iron Age, the sketch at the top of the 
right-hand column in the chart repre- 
sents a complicated blade used in 


modern machine-shops for cutting w 
gears out of steel. 
Without in any 
flections on the prehistoric craftsn 
who developed the Acheulean and 
Mousterian tools, it seems fairly ob 
that the absolute 
efficiency of cutting blades during 
past ten thousand years in Europe | 
certainly not been less than the progr 
during the first million years in 
series. If this is true it means that | 
rate of progress in the last column is 
least one hundred times as great as 
the first column. Such a conclusio! 
of fundamental importance—so m 


sense casting 


progress in 


so, indeed, that it drives the investigator 


to ask whether this tendency can not! 
more accurately measured. 


MESOLITHIC--About 8000 8.¢, 
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If a quantitative statement of prog- 
ress in cutting tools is to be made, the 
first problem is to arrive at the nearest 
feasible approximation to an objective 
scale of points by which to rate such 
tools. Analysis indicates that at least 
five variables enter into the efficiency 


of man’s cutting tools: (1) Keenness 
and durability of the cutting edge; (2) 
differentiation and specialization; (3) 


effectiveness of mechanisms employed to 
apply the blade to the materials to be 
eut; (4) utilization of auxiliary power, 
and (5) mastery displayed in the tech- 
nique of manufacture. 

Keenness and durability of cutting 
edge may be represented on a perform- 
ance scale of which three levels may be 
defined and dated with fair accuracy. 
The lowest test is flaying the skin from 
a dead animal, for which two points out 
of a possible 20 may be allowed. For 
blades capable of chopping down trees, 
five points may be allowed. The highest 
degree of keenness-durability thus far 
attained is fairly well represented by 
the capacity of the cutting blades in a 
modern machine tool to eut cold steel, 
or, taking the extreme of delicacy in- 
stead of the extreme of strength, the 
capacity of a modern microtome to slice 
off cross-sections one twenty-five thou- 
sandth of an inch thick for microscopic 
slides. These degrees of attainment may 
conservatively be rated at twenty points. 

The application of this seale to the 
series of blades from earliest prehistoric 
times down to the present produces the 
ratings in column 3 of Table 1. Before 
Acheulean times flint blades had the 
crudest sort of rough cutting edges, very 
easily dulled by use even against hard 
Acheulean, Mousterian, Auri- 
gnacian and Solutrean blades progres- 
Sively developed more and more ac- 
curate “‘retouching,’’ whereby the cut- 
ting edge was made keener and keener 
by taking off small chips from the mar- 
gin. The Magdalenian blade produced 
a fragile but sharp edge at one stroke. 


wood. 
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wo 


The Mesolithic flint 
with its edge sharpened by grinding, 
a tool 


eapable of felling a tree and of hewing 


tranchet, or axe, 


gave craftsmen for the first time 
out a log canoe.” 


of this 
times made possible the use of 


Further developments 
Neolithie 
harder 


grinding process in 


stones and the production of keener and 
more permanent cutting edges. Copper 
the first 
metal blades, and the development of 


durable 


[ron and steel brought 


working introduced for time 


bronze made available a more 
and keener edge. 
cutting power which was for centuries 
Modern 


of alloying, hardening and sharpening 


regarded as magical. methods 

have produced the supremely strong and 

delicate edged blades of to-day. 
The 

and specialization of tools—is an 

rect index: the the 

tools, and the greater the extent to which 


second criterion—differentiation 
indi- 
greater variety of 
they are adapted to specific cutting proce- 
esses, the greater is the efficiency of each 
tool The best 

study of specialization in 


apt to be. comparative 
Paleolithic 
His tabula- 


tion shows that pre-Chellean culture had 


tools is given by Osborn. 


such tools as knives, plane rs, scrapers, 
borers and hammer stones. The 
Paleolithic made huge strides forward. 
It added and graving 
tools of flint ; it developed a wide variety 
of bone implements, such as the spatula, 


Uppet 


chisels, etchers 


shuttle, pin, needle, wedge and awl. It 
added such weapons as the barbed dart 
and harpoon. The Magdalenian period 
had nearly seven times as great a variety 
Chel- 


pre 


of flint and bone tools as the 


lean. The Azilian (one of the Mesolithic 
cultures) dropped to a little more than 
half the variety of the Magdalenian 
The Campignion, however (another 


Mesolithie eulture added to the tool- 
box of the Paleolithic artificer the 
and the stone axe with a ground edge. 


y le 
pAcn 


** Mar 
>**Men of the Old Stone Age,’’ pp. 270-1, 
1916, 


Rises to Parnassus,’’ p. 11 











74 THE SCIENTIFIC MONTHLY 


Mesolithie at its best, therefore, repre- 
sents further progress.‘ 

The metal ages opened up new possi- 
bilities in tools, greatly accelerating the 
tendency toward specialization. The 
Egyptians passed into the Copper Age 
about 3100 B. C. Copper saws made it 
possible to cut out the great blocks of 
stone for the pyramids. The Bronze 
Age developed fully in Egypt about 
2400 B. C. As late as 2100 B. C. stone 
was still employed for the cheapest of 
knives used by the fellahin for chopping 
up meat, and for the arrow-heads which 
once shot off would never be recovered. 
Razors and fine daggers, however, were 
now of finely-tempered bronze, while 
ordinary knives and weapons were of 
copper.® 

As the metal ages proceeded a greater 
and greater variety of tools became pos- 
sible. Some idea of the rapid introduc- 
tion of new forms may be gained from 
the fact that during excavations on the 
site of the prehistoric village of Glas- 
tonbury, England, which flourished in 
the Iron Age, about 800 B. C., there 
were found daggers, spear-heads, swords, 
knives, bill-hooks, sickles, saws, gouges, 
adzes, files, bolts, nails, rivets, keys and 
bits.® 

Rich as was the variety of tools in 
classical times, recent developments out- 
shadow the past in this respect as much 
as in keenness. Consider the catalogue 
of the modern wholesale hardware 
dealer in comparison with any inventory 
of ancient implements. Think of the 
bewildering variety of tools in the cab- 
inet of a modern dentist or surgeon; 
examine the kit of the cabinetmaker; 
enumerate the implements of the engi- 
neer or miner, or even the butcher of 

+R. A. 8S. Macalister, ‘‘A Text-book of 
European Archaeology,’’ p. 552, 1921. 

5**Cambridge Ancient History,’’ Vol. I, p. 
319. 

6Quennell, ‘‘Everyday Life in the New 
Stone, Bronze and Early Iron Ages,’’ p. 185, 
1923. 


to-day, and the past specializations of 


tools fade into relative insignificance 
We have special cutting devices to trim 
off the edges of great piles of book pages 
to slice off paper-thin sheets of ham, 1 
sheer a steel rail, to bore a hole under t 
Hudson, to scoop out a Panama Can 
to cut at one time the pieces of cloth { 
a score or more of suits, or to bore a wi 
in an oil field. Even fire and chemicals 
play their part as controlled cutting de- 
vices ; the oxyacetylene torch eats swift 
through hardened steel; dynamite tears 
out stumps and splits off coal or granit 

The third variable to consider in rat- 
ing the efficiency of prehistoric, ancient 
and modern cutting tools is the effectiv: 
ness of the devices employed for giving 
the cutting blade the desired motion 
through the material to be cut or shaped 
The earliest flint blades were, apparent 
grasped merely with the bare hands « 
the craftsman. The first step toward 
mechanical device for directing the blad 
was hafting—attaching the flint 
means of withes, tendons or rosin to t 
ends of sticks used as handles. Becaus 
of the perishable nature of such atta 
ments and because the earliest haft 
blades may not have been shaped per 
ceptibly to accommodate their handles 
the exact period at which hafting com- 
menced is doubtful. Generally it is 
thought to have begun late in lower 
Paleolithic; there is no question t! 
Aurignacian, Solutrean and Mag 
dalenian flints had handles.*’ A further 
refinement of hafting occurred in Mag 
dalenian and particularly in Mesolit 
times, when the composite tool was 
veloped. This consisted of small flint 
teeth (microliths) which were set int 
bone or wooden handles to form harp 
heads, saws, and, in Neolithic times 
sickles. 

More impressive as mechanical devices 
were the early drills. Rotary motion 
blades for boring was first secured 


7 Kroeber, ‘‘ Anthropology,’’ p. 178, 192 
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twirling the drill handle between the 
palms. Then came the idea of twisting 
a string around the handle and obtain- 
ing the whirling motion by pulling the 
string. By late upper Paleolithic times 
the bow had been invented and was being 
used, by giving its string a turn around 
the shaft of a drill, to produce rotation. 
The crank drill, with stone fly-weights 
to keep it whirling, was invented in 
Egypt between 3400 and 3000 B. C.° 
The drill brace was used by the As- 
syrians in the seventh century B. C.° 
Another device for rotating cutting edges 
was the circular millstone, invented in 
the Iron Age.’° 
Another mechanical device 
whirled the material to be cut or shaped 
instead of twirling the cutting blade. 
The earliest machine of this sort was the 
lathe. Its original form was a develop- 
ment of the bow drill, which probably 
evolved in the Bronze or early Iron 
Age." A kindred device was the potter’s 
wheel. This appeared in Egypt before 
3000 B. C. and was evidently used much 
earlier in Elam.” 
Handles and whirling devices prac- 
tically exhaust the prehistoric and 
ancient contributions to the solution of 
the problem of imparting mechanically 
the proper motion to the cutting blade 
and material. Very little progress in 
this field occurred in medieval times; the 
wheel-driven lathe giving a constant 
rotary motion to the wood was a novelty 
as late as the 14th and 15th centuries: 
the predominant type was still the strap 
| lathe, in which the piece to be cut was 
| whirled alternately forward and then 
5 back. 

The real development in mechanical 
devices for controlling cutting blades 
has occurred since the beginning of the 


class of 


oGdiee 


Slt 


* Breasted, ScrentiFic MONTHLY, 9, p. 571, 
1919, 

® Britannica, 9, p. 69, 1910-11. 

20 Quennell, op. cit., p. 180. 

11 Quennell, op. cit., pp. 130, 191 and 202. 

12**Cambridge Ancient History,’’ 1, p. 320. 
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Paes 


industrial revolution. In woodworking, 
for the quantity production of such ob- 
jects as gun stocks, the modern mill has 
copying lathes which automatically turn 
out any shape desired. 
is done in metal working. 
of an 


The same thing 
Into one end 
] steel 
* end, 


automatic machine are fe 


rods or sheets: out of the oti I 


without guidance by human hands, come 
finished screws, bolts, machine parts, or 


what not. The modern automatic ma- 
chine thus handles mechanically the en 
tire process of imparting the correct 


cutting motion to the blade—a 
which until two or 
was almost entirely carried out by direct 
manual dexterity. 

The fourth variable to be rated in 
sketching the curve of evolution of cut- 


process 


three centuries ago 


se 


ting tool efficiency is the application of 
During the whok 
the power ap- 


power to the tool. 
lapse of the stone ages 
plied to  tool-driving was 
human. Rudimentary 
made in the more effective utilization of 
this power: the handles applied to stone 


entirely 


progress was 


axes, and the bows employed to drive 
drills were not merely for the purpose 
of imparting the but 
also for the sake of imparting more 
power. In Aurignacian times’ the in 
vention of the bow put at the disposal 
of the hunter new power for the propul 
sion of flint-tipped arrows. The spear- 
thrower, which appeared in Magda- 
lenian times, augmented the force of the 
human arm. 

Neolithic 
brought 
was not, however, until the Bronze Age, 
2000 B. C., that the 
ancient Egyptian first took the step of 
putting onto his hoe the attachments 
needed to turn it into a 
plow.** 


desired motion 


domestication of animals 


new power reinforcement. It 


sometime before 


horse-drawn 


13 Sollas, 
1924, 

14 Breasted, 
424-5, 1919. 


‘* Ancient Hunters,’’ pp. 356, 359, 
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It was the ancient Egyptians also, 
according to Quennell,’® who first har- 
nessed water-power by mounting in mid- 
stream a boat with millstones geared to 
paddle wheels. The ancient Romans 
worked their millstones by horse-power, 
slave power, and probably water-power. 
The early Anglo-Saxons drove their 
mills by donkey power before A. D. 500. 
In the eighth century they had mills 
driven probably by water-power. Wind- 
mills began to be used in England 
as early as A. D. 833. It is supposed 
that they were introduced from the east 
by crusaders. The Middle Ages show 
progressive minor improvements in wind 
and water mills. Wind-power was har- 
nessed to saws in England about the 
beginning of the thirteenth century, and 
it was soon followed by the use of water- 
power, but opposition on the part of 
hand sawyers prevented any wide- 
spread development of power sawmills 
until their adoption in America in 1634. 
A trip-hammer run by water-power was 
introduced in England in the seven- 
teenth century. 

The invention of the steam-engine, 
and the discovery of coal as a fuel, 
marked, of course, a new epoch in the 
application of power to tools. While 
steam has multiplied overwhelmingly 
the amount of power available, it has not 
monopolized the field. The development 
of the water turbine has given water- 
power a resurrection of usefulness. The 
invention of electric generators and the 
introduction of compressed air devices 
made possible the application of power 
to small and isolated tools inaccessible to 
direct steam drive. Tools used in min- 
ing and quarrying, and tools employed 
in family kitchens, illustrate the new 
fields opened up by these auxiliary 
forms of power. The gasoline engine 
provides another easily moved power 
unit, which is likely to displace the horse 

15‘*A History of Everyday Things in 
England,’’ Vol. I, p. 95. 


in driving agricultural tools. The 
standard for plowing used to be 
acre per man per day; the tract ) a d 
hauled gang plow does twenty-two acres Ost 
per man per day. Both in the amou 
of power available, and in the versat 
ity of its forms, the progress in the 


three centuries towers vastly beyond | aon 
the developments of the _ precedi: 
million years. 

The accelerating inerease in the | blow 
amount of power available may be i eutt 
trated by the fact that at the close of W 
Civil War the manufactures of | sec 
United States employed iess than | beco} 
horse-power per wage earner; in 192° 


+ 


3.8 horse-power per wage earner flint 
used. This means that in this count | ful fl 
since 1869 more than twice as mu the 
power per worker has been added as techn 
been acquired in all the hundreds Fr 
thousands of years preceding. Dur possil 
this period, moreover, the increas athe 
horse-power has been accelerating maste 

A spectacular phase of the accel — 
ing mastery of power is stated thu and 15 
Frank Bohn: 

Thirty years ago the best steam tur! 
the market used five or six pounds of 
produce a kilowatt hour of electricity 
years ago the new unit in Brooklyn us 
actly 1.4 pounds. The most efficient new 





now requires only .85 pound.17 PK 

The remaining criterion of prog: 

in tools relates, not to the effectivenes | 
of the instrument as a means of cuttin: a 
and shaping materials, but rather to ' aes 
mastery displayed by the craftsm: C opel 
the production of the tool itself. | Neolit] 
mastery may be judged by at least | eH 
qualities remaining in the tool: | Solutre 
standardization of design, and ¢ Aurigy 
beauty of form, material and « Mouste 
mentation. Acheul 
Before the Acheulean period th: Per. 
little in the cutting tools of prehis' Foxhall 
Sub-Re 


16U. S. Census, Vol. VIII, pp. 14, 
1920; Industrial Management, Vol 
364-72, Dec., 1926. 

17 New York Times Magazine, p. 1, Oct 


1927. 
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mal 
indeed, anything which might be called 
a developed technique of manufacture. 
Osborn says of the Chellean period that 
‘‘ot this dawning stage of human inven- 
tion the flint workers were not deliber- 
ately designing the form of their imple 
ments, but were dealing rather with the 
chanee shapes of shattered blocks of 
few well-directed 


flint 


flint, seeking with 
blows to produce a sharp point or a good 


a 


" 2718 


eutting edge. 
With the Acheulean period, however, 
specific forms and characteristic designs 


become apparent. And in the Mous- 
terian, ‘‘points’’ struck off from the 
flint core with a single blow after a care- 


ful flaking and retouching had prepared 
t] and definite 


tne edge, show 


surtace 
technique. 
From that time on, with one or two 
possible exceptions in so-called degener- 
ative periods, a progressively increasing 


to suggest handicraft mastery, or 


if 
ously the artificer acquired more and 
more skill to take off his flakes deli 
eately at the points which he selected, 
and to control the Shape of the tool he 
produced. The forms became less ha 
hazard and mor standardized; the 
shapes approached more and more t 
beauty. By about 40,000 B. C. flint in 
struments had developed in the ls 
of Cro-Magnon man to the ‘‘Solutrean 
level. Instead of being knocked off 
sharp blows, the flint was chipped of 
by pressure in fine, thin flakes from 
entire surface of the implement, to 
which in its perfected form the crafts 
man could give a keen edge and perf 
symmetry. Definite progress is in ¢ 
dence, but progress attained only dur 
ing the slow passage of tens of thousands 


ot 


Signs, 


years. 
With tl 


ivory as materials the etching of d 


a] 
al 


e 


reac 


i 


increasing use of 


J : 


bone al 


presumably well starte: 


on wooden implements, came into promi 


nence 


bone becam«¢ 


mastery of technique appears. Obvi- 
18‘*Men of the Old Stone Age,’’ pp. 129 
nd 152. 
TABLE 1 
RATINGS OF THE EFFICIENCY OF CuTTING To 
FROM EOLITHIC TIMES TO 
-— Keen- Special 
Period Date* 
ness ization 
] 2 3 $ 
Machine Age A.D. 1915 7 20 9 
Iron 500 B.C 16 15 
Bronze 2000 B.C. 2 13 
Copper 4000 B.C 9 12 
Neolithic 6000 B.C. 7 10 
Mesolithic 8000 B.C 5 8 
Magdalenian 16000 B.C. 4 7 
Solutrean 40000 B.C. 4 6 
Aurignacian 75000 B.C. 3 6 
Mousterian 200000 B.C 3 2 
Acheulean 400000 B.C. 2 
Chellean 600000 B.C. 2 92 
Cromerian 850000 B.C 2 1 
Foxhallian 1150000 B.C. 2 l 
Sub-Red Crag 1300000 B.C. 2 1 


; * These dates all refer to culture 
in Osborn’s ‘‘Man Rises to Parnassus.’’ 
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ping temporarily declined in technical The machine age has _ practica 
mastery and beauty. In the Magda- abandoned decoration of its working 


lenian period consequently many arche- tools. There is an inherent beauty j 
ologists label the flint manufacture as_ the size, power and smooth efficiency 
degenerate. In this connection it might the modern machine tool. There is als 
be well to remember the amazing beauty increasing beauty of form and line a 
of the cave painting and engraving increasing attention to the attractiy 
belonging to the period. The Magda- ness, as well as the efficiency of 
lenians shared perhaps in the modern materials used. On the whole, even 
tendency to divorce art and technology. beauty is not a primary characteristi 
The Neolithic period brought a re- of the modern machine tool. 
newed interest, not only in the new Mastery of the technique of manu! 
forms produced by the developed tech- ture, nevertheless, has increased t 
nique of grinding and polishing, but in mendously. With increased compli 
the perfecting of chipped blades. The tion, large-scale production and d 
finest flints of any period belong to the sion of labor, the joy of craftsn 
Neolithic and early Copper ages. The ship has been split up between t F 
technique of flint-working was at its designing engineer, the draftsman 








. . . . . ‘a > > 
height after metal began to displace the machinist, if not also among a g1 Re 
flint. many repetitive workmen who produc cal b 

Metal work probably found its earliest standard product from a standard from 
developments in jewelry, and it retained sign. For the last, the joy of creat neo! 
its decorative features as it was applied variation in their work has been sures 
to tools and weapons. Ancient swords, moved. Nevertheless the finished prod are ¢ 
daggers and knives vie with bowls, vases, uct shows an almost incredible advan assert 

° ° . © ° > . ° > ohi nt 
breast plates and the like as objects of in design and perfection of manufactur ject 
art. The skill and the joy of craftsman- And to the designing engineers and that @ 
ship, moreover, found increasing outlet many skilled machinists the delight Wi le 
in the growing variety of forms and fine craftsmanship has remained and matin, 

. ° ° ° . tions 
materials with which it could work. some ways, has increased. “ons | 
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FIG. 3. THE LAST 75,000 YEARS OF PROGRESS IN CUTTING EFFICIENCY. 


Reducing the above facts to a numer! 
eal basis, in ratings which severally run 
from 0 to 20, and which in total run 
theoretically from 0 to 100, the mea- 
sures of progress presented in Table | 
are obtained. It is not, of course, 


asserted that these ratings have absolute 


objective validity; it is argued, however, 
that any intelligent student of the dat: 
will come to results so closely approxi- 
mating these that the practical deduc- 


+ 


tions will not be materially affected. I 


is suggested that the reader try the 


experiment of making his own inde 


pendent ratings of the cutting tools of 
the different culture epochs, and that he 


chart the resulting curve for comparison 
with that given in Figs. 2 and 3. 


The ratings presented in Table 1 and 
Figs. 2 and 3 reflect a rising curve of 
progress; for hundréds of thousands o 
years the gains are scarcely perceptibl 
then tens of 
thousands of 
provements. Now we no longer deal in 
centuries but find each decade or each 


thousands, and later 


years showed marked im 


year taking swift steps forward. Th 
more and more rapid acquisition of new 
elements is not due to our lack of know! 
edge of early portions of the series; the 
increasing speed of invention is an 
unmistakable feature of the series itse! 
Except for temporary fluctuations, 
man’s power to cut and shape materials 
has increased during the past million 
years at accelerating speed. 





NEW YORK 





THE Everglades—a unique natural 


monument and a very misconceived re- 


gion—oecupy about one half of the 
> ie ' ; 
area of the Florida peninsula lying 


south of the head of Lake Okeechobee. 
To the mind of the uninitiated the 
Everglades are a vast, more or less im- 
penetrable jungle, abounding in reptiles, 
birds and other wild animals. Nothing 
could be further from the real state of 
affairs. However, it is true that there 
are various intruded and sometimes 
included plant associations that collec- 
tively do harbor more kinds of aquatic, 
amphibious and terrestrial wild animals 
than any equal area in North America. 

The Everglades lie in a shallow rock 
basin which falls off rather suddenly 
from the great Okeechobee prairie on 
the north and the pineland on the east, 
and very gradually from the Indian 
Prairie and the Big Cypress Swamp on 
the west. The area involved is over 
four thousand square miles. The acre- 
age has been estimated as high as three 
hundred thousand. 

As a result of the geologic structure 
of the Florida peninsula the Everglades 
are really a gigantic spring, perhaps the 
largest spring in the world. The tribu- 
tary streams supply the area with a cer- 
tain amount of water, but a vast amount 
must come from subterranean sources 
which follow with a slight southerly 
dip the nearly horizontal rock strata 
which underlie the surface of the penin- 
sula. The outflow is certainly far in 
excess of the visible sources of its waters. 
The configuration of the surface, which 
is nearly flat except for the curvature 
of the earth, and the water supply are 
ideal for the growth of saw-grass 
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(Mariscus jamaicensis). This is th Ps 
characteristic plant of the Everglades 
which are often referred to by the In- 
dians as the Indeed, it is 
the largest saw-grass marsh in the world. 

The Everglade prairie begins (at th 
north) a mile or two north of the head 


**Saw-grass. ’’ 


























SABLE 
MAP SHOWING THE EVERGLADES 
TION) IN RELATION TO THE SURROUNDIN( 
THE STRICT FORMATION OF 
EVERGLADES IS AN UNINTERRUPTED PRAI 
WITH NOTHING IN VIEW EXCEPT SAW-GRASS 


(SHADED 


AND WATERS. 


SKY, AS SHOWN IN THE FOREGROUND OF F! 

ONE. HOWEVER, SUCH A LARGE AREA NATI 

HAS MANY SPECIALIZED FEATURES. SOM! 

THESE ARE SHOWN IN THE ACCOMPANYIN 
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IN DIAMETER. 
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A SMALL SECTION OF ROYAL PALM HAMMOCK, THE LARGEST OF THE EVERGLADE HAMM 
ISLANDS, WITH EVERGLADE PRAIRIE IN FOREGROUND. IT HARBORS ABOUT WO HUNDRED KIND 
WOODY AND HERBACEOUS PLANTS, MANY FERNS, AND A LARGE NUMBER OF ROYAL-PALM 


of Lake Okeechobee. It fringes the 
lake, the fringing area becoming wider 
southward on both sides of the lake. 
The main basin has a gentle curve west- 
ward. The eastern side follows the rock 


rim of the eastern coastal region of 
Florida; its 
nearly similar curve along the Indian 
Prairie and the Big Cypress Swamp. 
The Ten Thousand Islands form a kind 
of delta of the Everglades. There much 
of the surface-water finds its way to the 
Gulf of Mexico through a labyrinth of 
myriad channels. In addition to the 
delta-like outlet, the measureless water 
of the Everglades is constantly escaping 


western side follows a 


in numerous surface streams flowing into 
the Atlantic Ocean, through the coast- 
wise lagoons, Bay Biscayne and the Bay 
of Florida, through the Caloosahatchee 
flowing into the Gulf of Mexico, through 


subterranean streams, some of which 
show themselves as springs of fresh 
water off the shores of the ocean or in 
the coastal saline lagoons and_ bays, 


through the honeyeombed limestone of 





sections of the eoastwise ridge on 
through general 
through evaporation from a surfac 
about three thousand 

These are the natural outlets for 


east, seepage 


hundred 


Everglades’ waters, not only unm 





able but also unmanageable on oceas 


The balanee of the surface waters 
of the regulated thi 
ages, was normally beneficial to th 


water-table, 


ural vegetation of the Everglades 
selves and all the surrounding ter 
With this water protection, climate 
tempered and fires, at first a na 
calamity as a result of lightning 
later artificially started by the met 
of primeval man, were relatively 
and evidently cireumseribed. Fur't 
more, the elevated parts 
the Everglade prairie and the is! 
were tillable during the seasonal | 
winter. Cul 


many 


of low water—the 
enough the winter is the proper s 
for the growing of vegetable er 
that latitude. under 
natural conditions, the water-tabl 


Likewise, 
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THE EVERGLADES 


ently high to furnis vegetable tio , 
and citrus groves with capillary minor el 
n the pinelands and hammocks Everglac eo 
x between the Everglades and the eral at, , 
Ol e er , 
Everglades were not much tray g = Wheoin 
by the white ma ra period ot origi 
eenerations in about the middle of ire also ’ 
ist century, or in other words, from and in terio 
eriod of the notorious Indian hunt To on ' 

s ter the first big real estate erab Everg] —* 
s made more or less suet sstul by) in its sunerfic 5 
mpt to exterminate the Seminole or’ are evident At tl 
ve him from the land. down to the . leer Innate 
irkable developments dui ne the water. const ites | 

first quarter of this « ntury. the aborigines 7 

The Everglades lave, or should we Mavyami, it app 
once had, several floristic features. some of e eal 
elr edges are fringed by such natural Lake Okeechobes 
int-associations as_ flatwoods, pine interest Its are 

nds, smal] prairies, or ‘‘glades,’’ and est tresh-water | 

immocks. The latter plant-associa- States Lake Mi 
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\ SLOUGH IN THE EVERGLADES. \ FORK OF THE HEADWATERS OF TAYLOR RIVvI 


WATER, COVERED WITH LILY-PADS AND MAIDEN-CAN 








ities int 








esterly 
iptoa 
)} 5 ober 

yhere 
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the 

neval 
Dress 
em 

rte 

A ‘*GATOR-HOLE’’ IN THE EVERGLADES. SUCH SHALLOW POOLS ’ 
HOMES AND DELIGHTS OF THE ALLIGATOR. THE IMMEDIATE SURRO mea 
COMPRISES SAW-GRASS, BULRUSHES, AND CAT-TAILS., LILY-PADS COVER MORE OI ere | 

WATER SURFACE. 















THE EVERGLADES 





















is a kind of counterpart of the — plant-association ndescrib 
ited St. Johns River The head (on the soutinel side betwee} tive 
s of the St. Johns and those ot waters ot the ( na the Vel 
Okeechobee, the Kissimmee River. prairie there ‘ in 
R Tne former on the eastern sick and mous «de posit mus 
tter on the western side of a rather vegetable matte rently w 
ow watershed. The St. Johns flows by a similar structure in t nited 
ward, expands with Lake George, states. This ecumulati 
nues and empties into the Atlantic essentially a gigantic spo 
Ocean through an easterly channel. thousands o eres rving ft it 
The Kissimmee River flows southward, foot to several feet dept SU 
expands into Lak Okeechobee, and an association of pond-appl 

















sempties into the Gulf of Mexico through unique I l Nort \ The 


x westerly channel The (‘aloosa atenes ve rolades sout ) l, () 

(p toa few vears ago the rim of Lake say for ilf the dist e to the B 
Okeechobee, particularly on the eastern Florida, are met s rras 
side where the strong westerly winds and with just the san 

uricanes through ages had thrown up mid-ocean in calm 


’ 4] " . 
some of the lake bottom as a sand beach, southern portion the su S 
m primeval forest lammock—of gigan by mvriad mu . ls 

Vpress trees and various broad Irom a small tract ( (1 


temperate region trees, such as eral acres in ext 


} 
’ 


1 

1 ple, the ash and the elm, and a 
q pleal trees whose seeds had been 
* 


ere by migratory birds, formed a sou 1 east of 
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WHERE THE EVERGLADI IRIE MI S THE BRACK 
CAPE SABLE REGION. THOUSANDS OF ACRES ARI 
ABOVE. TOWARD HE COAS IEF MANGROVI | 

ray RM IMPENI 


Although Lake Okeechobee naturally 
has a nearly stable water-level, in the 
greater part of the Everglades the level 
of the surface-water has normally a 
seasonal fluctuation. Thus in the rainy 
season, the summer, the Everglades 


should be brimful of water; on the other 


hand, in the dry season, the winter, the 
surface should be more or less dry. At 
this period the Everglades represent a 
low prairie, while in the wet season they 
really constitute a vast lake. When 
seen at this high-water stage, some of 
the early Spanish expeditioners consid- 
ered the whole basin a vast lake and it 
was recorded ‘‘ Lake Mayami.’’ 

Various minds have conceived various 


schemes for the ‘‘development,’’ of the 
Everglades, or ‘‘devilopment’’ as inter- 
preted by some. Among these ideas 


‘‘drainage’’ and ‘‘farming’’ have been 


‘‘Front Prairie.’’ By position it is a front 
prairie, but in no esst ntial way, either in struc 
ture, plants or plant-assoc intions, does this one 
differ from that part of the Everglades lying 


north and west of the Everglade Keys, except 


where it is invaded by maritime vegetation, 


ISH AND SALINE MARSHES AND SWAM 


COVERED I 


prominent excuses for tampern 
the Everglades, ravishing direct 
‘olades’’ and indirectly the wv 
the southern part of the Florida 
sula. 

Since the beginning of this 
five water highways, preliminary 
dredging of drainage eanals, ha 
added to the natural outlets for 1 
mous amount of water of this s 
The sudden upsetting of natur 
tine of ages did not better matt 


Say the least. Droughts and * 


are said to be now more frequent 


formerly. Large areas of land 
the Everglades and the ocean 
on good aut! ority to have been 1 
worthless for farming by serious 
ering the water-table and _ elin 
the capillary water-supply necess 
the existence of vegetation, part 
of cultivated crops. Thousands 
of humus, deprived of th 
naturally covering the rocky 01 
foundation of the Everglades, | 


pletely disappeared in smoke, ¢ 
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‘+k to a desert just as it was whe 


was first elevated from the sea. 
As some one Nas recorded : ‘There 


} 


will be revelation for the North in the 


Everglades’ conflagration, for millions 


regard these as but an immense swamp 


ind how could a swamp burn? Fac 
uusly they may remark that the Ever 


} 


glades need irrigation rather’ than 


drainage. The  blaz IS serious, en 
dange ring thousands ot acres of ric 
soil The fire wardens’ forees and 


+} 4 


others are fighting the flames, and 
drenching rains would be weleoms 
Careless hunters or motorists are blamed 
for starting the fire. No! the erazy 
drainage schemes are responsible. Na 
ture’s building of ages utterly destroved 

a deeade!’’ 

The Everglades were made for plants 
nd animals to inhabit and delight n 
it for man to occupy. This facet should 
ive been evident to a mere tyro Man 


ashes, thus turning the Everglades 
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THOMAS CHROWDER CHAMBERLIN 








[ASTER Of research has passed i rece} 
iS (‘hrowder (‘hamberlin Ilis eomets in ft ~ . 
is with the greatest thinkers ol tive activit hes neents 
ast lle leaves rew | anv equals <1) rs 4 ro ly 
e his contemporaries llis far nductions whi st 
0 research into the processes Ol! The OUSIV appl no 
se iS challenge to vounger st hvpotheses. Ilis . 
ts to spread wings of imagination — process that w d give ris 
rd the unknown—but only with = of planetesimals from whic] 
ae understanding of the course peculiarities I 1 planet 
flown and constant checking of might 
Vigation vrowth of ft! Janets b 7 
( mberlin, the glacialist, geophysicist of planetesimals was 
smovgonist,. Was a geologist in that by the failure of the easeous at 
ve meaning which he expressed at the tie assemblages of n 
land meeting, a vear ago, in calling tests to whiecl ( dd e 
his colleagues to overleap the Moulton patiently sub 
ds of a petrified, terrestrial science Some thirty ad — 
‘ Ss are not dead They nre to be pared the wor 
las living assemblages of energy, to that of a mil 
vanized according to the laws of phys to ascertail 
d chemistry Ile bade geologists been left in the old | 
re these domains intensively, as ntil he had 
own Ile invited them to penetrat hie turned to 1 ’ Prospects. 
narvelous eosmogonies ot the atoms, exploited nat 4 2 het 
n those intimacies of nature hes — eriticallh n dis 
n the secret of evolution lle w the true vel) 
a the history ot the planet and 1} collahbor 
d our dvnamie descent from our whom he drew bout hi ( 
nt, the Sun. His concept of geology — was dominant b S 
ced the solar system and touched mental power b nd his tl 
stars. Fully aware that he could not never by assumption « Te 
sustain the effort, he appealed put rorward evel 
estly to his fellows to carry on Nn mind cones 
the fields of the science of which one by natura 2 his 
stronomy is the foreign department.”” and | xpe S ass 
Chamberlin will always be known as his suggestions b er 


thor of the planetesimal hypoth cal facet o1 DN mathnen 

es the birth and growth of the Eart! Ile welcomed st 
damental concepts are wholly his eritique as clearing aw 

al reactions of the Sun and a to advanes lle const ntly vy I 

y star in giving birth to the — self and his fellow students : 


J ry system he reasoned from its confidence in the erit ( s 





movements, as he has more tions 
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(‘ALVLD ANNUALLY 
TPEEMINE NG EWS 
‘ Voor -PALEONTO 


THE DANIEL GIRAUD ELLIOT MEDAL 














t Cpen 
is to b 


ol suel 


some | 
p blisl 
Opinio} 
Henry 
the sci 
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Shall be 
of hon 
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+h reviews his previous work criti 


v and presents supplementary deaur 





s that strongly support the old, at fron 
iwe of eighty-five, he wrote abl 
; f a is 
AK ~ 
k :, 
nfortunately few are qualified by ster! 
erstanding of geology, geophysics 
d celestial dynamics to analyze, mucel S 
ss to eriticize, Chamberlin’s contribu 
ms to the science of the Earth and the = sp 
solar system His pl losophy of geology I 
| not bear its full fruitage until a 
Oo eration shall have grown up tre 
PRESENTATION OF THE DANIEL GIRAUD 





PROFESSOR EDMUND 


By the terms of the d 
Daniel Giraud Elliot Fund of the Na 


eed O cy 0 ati 


tional Academ\ ot Se ences, the income ( 
the fund is to be applied to the strik n 
ng of a gold medal *‘ which together wit! SO 


accompanying diploma and the un 
expended balance of income for the year W 


l 


is to be awarded ann lally to the author at 


ol such paper, eSS 1\ or orher Work upon nec 


some branch of zoology or paleontology = as 
published during the year as, in the 
opinion of the judges, who shall be 
Henry Fairfield Osborn, of New York, 
the scientific director of the American 
Museum of Natural History, and the see 


‘ 
“ 


shall be the most meritorious and worthy 


W aleott. chairman of the committee in 


charge of the fund, no award had been 


ide since that of 1924 Dr. Frank R 


T 1] 
i} 


Lille has been appointed chairman in 

ce of Dr. Walcott, and the judges 
awarded the medal for 1925 to 

fessor Edmund Beecher Wilson in 

work on 19 


enition of his monumental 
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Shortly before the appearance of his fron 


work, ‘‘The Two Solar Families,’’ ear 


retary of the Smithsonian Institution,  ,, 


of honor.’’ Owing to the death of Dr the 
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DR. CLINTON JOSEPH DAVISSON 
OF THE BELL TELEPHONE LABORATORIES, ON WHOM THE NATIONAI 
CONFERRED ITS COMSTOCK PRIZI FOR ‘‘THE MOST IMPORTANT 


MAGNETISM AND RADIANT ENERGY MADE IN NORTH AMERICA DURING 











INSTITUTE OF 

THREE research institutions, working 
close cooperation, center in Pasa 
a: the California Institute of Tee 
wy, the Mount Wilson Observator 
the Carnegie Institution of Washing 
and the Huntington Library and 


Art Gallerv. During the last six vears 

California Institute and the Mount 
Wilson Observatory have been conduet 
ng a joint attack on the  physieal, 


P . ; 
ASDeCCIS ¢ 


emical and astronomiec 


roblem of the constitution of matter, 
ch has resulted in many fundament 
Lnces, 


\ recent gift to the institute from the 
ternational Edueation Board will per 
this attack to b ereativ ext nded 
will provide for an equally wide ex 
m of the various astronomieal rv 


} 


CS initiated and developed 
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radio Dr. Charles 

visual observations mad Smithsonian 
ew telescope, and for various 

f the joint staff 


! 
eC Inempvers oO 


{ 
astrop 


counell, e 
constructiol 
observatory 

“ LS memb« rs, chose 

from the exeeutive council of the inst 
tute, are Robert A. Millikan, Arthur A 
Noyes, Henry M. Robinson and George 


: men , Improvement 
Kk. Hale ehairman Through the . ; 
. 1 ‘ . . . and adeviees requ 
eourtesv ot the Carnegie Institution oO} 
. ? 


Washineton, Dr. eohn A. And rson, ot u108 analysis, measurement 
he Mount Wilson Obs« rvatory, has been pre tation of lest al phenom 
appointed the executive officer of the In the opera 
observatory council, in direct charge ot same policy wi 


design and construction. In the de has been followe« 


termination of polices the observatory Mount Wilson 


council will also be assisted by an ad California Institut 
visory committee, comprising Dr. Wal authorities i 

ter S. Adams, director of » Mount physical resear 
Wilson Observatory ; fessor Fred- telescope in thi 


erick H] Seares. ITS | iree ad: T 


tigations 





